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finest tea products 


one of them, 
controllers 
from 
western 
peripherals 


Universal Tape Controllers 


e Software compatible for 
PDP-11* NOVA**& Interdata. 


e Embedded design. 


© 9 Trk 800/1600 bpi, 7 Trk 
200/556/800 bpi 
AAARANNANANNNNa NLL eA intermixed. 


e 12.5 to 125 ips, any two 
speeds. 


e NRZ and PE formats. 


Universal Disc Controllers 


e Software compatible for 
PDP-11 & NOVA. 


t inh Is" e Embedded design. 
western peripherals e Top Load (5440) & Front 


SEND FOR COMPLETE INFORMATION 


Division of WESPERCORP Load (2315) 
(714) 991-8700 « TWX: 910 591-1687 « Cable WESPER : 
1100 Claudina Place. Anaheim. CA 92805 e Upto 20 mb per drive. 


e Media veep 
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trade name Digerte quipr wt Corp 

**trade name ot Data General Corp 


KENNEDY 


SERIES 5300 DISK DRIVES 


Series 5300 drives are fixed media, high The tightly sealed disk compartment allows 
performance units utilizing advanced Winchester Series 5300 drives to be used in environments 
disk technology. unsuitable for conventional drives. 

Available in one, two, or three platter versions, Other Series 5300 features include: NRZ-MFM 
the unformatted data capacity can be as high as data encode/ decode circuits; daisy chaining of 
70M bytes—all in 7” of rack space. up to 4 drives; address mark detection; built-in 

Track density of 300 Tpi is made possible by power supply; small, easily replaced circuit cards 
prewritten servo tracks utilizing one disk surface, and a standard interface. 
thus assuring accurate head alignment under all Series 5300 is sophisticated in concept, yet like 
circumstances. High data density results from use all Kennedy products, is simple in design for greater 
of advanced media and write compensated reliability, improved performance and lower cost. 
MFM recording. 

Maximum seek time is 70 msec, rotational KENNEDY Co. 
speed, 3000 rpm, and data rate — 1.0 MB/sec. 540 W. WOODBURY RD., ALTADENA, CALIF. 91001 


(213) 798-0953 
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FOR OFFICES THAT WANT TO 
KEEP IT QUIET, THE NEW TALLY 
HUSH-TONE KEEPS THE LID ON NOISE. 


If printer noise disturbs your office serenity, you'll 
appreciate the mel-low decibels of the whisper-quiet 
Tally Hush-Tone. Our special acoustically designed 
enclosure attenuates printing noise level down to an 
unheard of quiet level. When not printing, the Hush- 
Tone is totally quiescent. 


TALLY 
PRINTERS 


OEM SALES OFFICES 

Boston (617) 272-8070 San Antonio (512) 733-8153 
New York (516) 694-8444 Washington, D.C. (703) 471-1145 
Chicago (312) 885-3678 BUSINESS SYSTEMS SALES 


Los Angeles (213) 378-0805 Orinda, CA (415) 254-8350 
Miami (305) 665-5751 ee 


Philadelphia (215) 628-9998 
San Jose (408) 247-0897 
Seattle (206) 251-6730 
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Available at 125 and 200 lines per minute, the 
Tally Hush-Tone is easy to live with, easy to operate. 
And easy on the pocketbook. It’s the newest member 
of the Tally T-2000 series—the most reliable (and 
lowest cost of ownership) line printers you can buy. 
Remember, Tally line printers never need adjustments, 
lubrication nor preventive maintenance. And you can 
always count on consistent print quality. 

The Tally Hush-Tone. You get more than quiet 
performance. You get up-time performance. 

Call or write today. Tally Corporation, 8301 
South 180th Street, Kent, Washington 98031. Phone 
(206) 251-5500. 
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LETTERS TO THE EDITOR 
CALENDAR 


COMMUNICATION CHANNEL 


This final article reviews the dramatic tech- 
nological, applications, and regulatory de- 
ve'opments that have occurred in data com- 
munications since the column began in 
January 1970 


DIGITAL TECHNOLOGY REVIEW 
Two midrange business computer systems 
employ SOS LSI technology to achieve high 
performance, while reducing size, cost, and 
power requirements 


DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 


A microcomputer controlled laser welding 
system spot welds terminals on miniature 
relays four times as fast and more reliably 
than a resistance welding system 


TECH BRIEF 
DESIGN BRIEF 


MICRO DATA STACK/ 
PROCESSORS AND ELEMENTS 
External realtime clocks—programmable, free- 
running, and time-of-day—can precisely time 
intervals, freeing the microcomputer to 
simultaneously handle other functions 


MICRO DATA STACK/ 

COMPUTERS AND SYSTEMS 

A customized development system supports 
installation, testing, and checkout of a 
microprocessor based data acquisition sys- 
tem using a hardware oriented design ap- 
proach 


AROUND THE IC LOOP 

Powerful computational tools result from 
combination of arithmetic processing chips 
with the control capabilities of the micro- 
processor. Available devices range from 
mu'tiplier-accumulator chips to firmware 
Programmable chips having all necessary 
arithmetic elements and control circuits 


PRODUCT FEATURE 


Standa!one measurement and control system 
provides all necessary signal conditioning 
and logic to permit direct sensor hookup 


LITERATURE 


GUIDE TO PRODUCT 
INFORMATION 


ADVERTISERS’ INDEX 


Reader Service Cards 


Pages 193-196 


COMPUTER DESIGN 


THE MAGAZINE OF DIGITAL ELECTRONICS 


DECEMBER 1978 


FEATURES 


REALTIME PROTOTYPE ANALYSIS 

AS A MICROPROCESSOR DESIGN AID 65 

by Robert Francis and Robin Teitzel 

Design/development aid provides actual emulation of all system 
elements during in-process execution to ease the complex task of 
integrating hardware and software into a prototype microprocessor 
based system 


INTEGRATING PERIPHERALS INTO PROCESSING SYSTEMS 77 
by Reinholdt J. Eufinger 

Advantages and disadvantages of each of three design approaches to 
connecting peripherals to CPUs—hardware, software, and combined 
iL ln ialaaailllaal investigated as to development, application, 
and cost 


WIDEBAND COMMUNICATION SYSTEM 

IMPROVES RESPONSE TIMES 85 

by James F. Wanner 

Data handling system for economical computer-peripheral interactive 
communications at distances up to 20 miles is marked by wide 
bandwidth, fast response time, reliable performance, and multiple 
interconnect ports 


BCD/BINARY CONVERSION WITH SINGLE IC CELL 94 
by M. G. Phadnis and D. Joshi 


A hardware design approach for fast conversion of whole or fractional 
numbers from binary to BCD or BCD to binary proves the feasibility 
of implementing these capabilities within single integrated circuit chip 


5-YEAR INDEX Al 

Advances in the electronics industry are documented in alphabetical 
index of feature material published in Computer Design over the 
past five years 


CIRCULATION: 67,078 
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Copyright 1978, Computer Design Publishing Corp. 


The New 
Slimline Series 
From Okidata 


OKIDATA 


Line Printers That 
Sell Minisystems 


The Okidata Slimline Series, a new family of 
microprocessor-controlled, 132 column line printers. 
A wide range of speeds, options and plug-compatible 
interfaces, all supported with common spares. 


Common spares but uncommon price, performance 
and reliability. OEM prices that create new mini- 
system opportunities, print quality that helps sell the 
businessman and Okidata reliability and maintain- 
ability—unmatched in the industry. A 500,000,000 
character head warranty and stored program machine 
history that replaces customer installation records. 


The Slimline, available in 300, 250, 160 and 125 LPM 
models. Twelve program-selectable fonts, 5 x 7, 
7x7 and9x/7 characters, and graphics capability. 
The Slimline, backed by a worldwide sales and 
service organization. 


OKIDATA 


Okidata Corporation 

111 Gaither Drive 

Mount Laurel, New Jersey 08054 
Telephone: 609-235-2600 
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EXORterm 220 


it’s Motorola’s 


“total” 2 MHZ 6800 
development system 


OES BRB & (> & 


EXORterm* 220 combines the necessary 
display terminal with the system development 
capability of the EXORciser*Il, creating a single, 
more reliable and less expensive, easy-to-use, 
compact unit. 

EXORterm 220 is the “total” 2 MHz develop- 
ment system. It’s all part of Motorola’s commit- 
ment to total support for MPU system development, 
and, like our other development systems, it’s 
backed by all the development software you 
require. 

EXORterm 220 software includes the resident 
relocatable macro assembler/linking loader and 
CRT editor. High level languages available include 
MPL, FORTRAN, and COBOL compilers, and a 
BASIC Interpreter. 
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COCUPEETECP CECE Eee 


EXORterm 220 is designed for software and 
hardware system development for all Motorola and 
second source M6800 Family microprocessors and 
single-chip microcomputers operating at speeds 
up to 2.0 MHz. It also adapts for use with the single- 
chip MC3870, single-chip MC141000, and the 
M10800 and 2900 bipolar 4-bit slice families. 

EXORterm 220 rounds out the Motorola devel- 
opment-system line started by the EXORciser,* 
updated by the EXORciser II, and anchored 

recently by the 1 MHz EXORterm 200 — the 

economical, compact system for those who don’t 
require the 2 MHz speed and dual-memory map 
compatibility of the EXORterm 220. Supple- 
mented by appropriate software, Motorola 

disk operating system, and EXORprint*!I 

printer, they also create the M6800 Software 
Development Station. 

For technical information on Motorola’s “total” 
2 MHz development system, circle the reader ser- 
vice number or write to Motorola Microsystems, 
P.O. Box 20912, Phoenix, AZ 85036. For in-depth 
information on Motorola’s complete system 
development support, contact your authorized 
Motorola distributor or Motorola sale office. 


*EXORciser, EXORterm, and EXORprint are trademarks of Motorola Inc. 


(AA) MOTOROLA 


Semiconductor Group 


LETTERS TO THE EDITOR 


To the Editor: 


The article entitled “Software-Based 
Single-Bit 1/o Error Detection and 
Correction Scheme” (Sept 1978, pp 
130, 134, 136, 137) presents a scheme 
for checking 4-bit characters by using 
three check bits. A direct table lookup 
is used to convert each 4-bit char- 
acter to one of 16 reference 7-bit 
characters. A decode subroutine is 
then used to correct any single-bit 
error which may have occurred, to 
remove the check bits, and to re- 
structure the character into the origi- 
nal 4-bit form. 

Selection of the reference 7-bit 
characters and the subsequent check- 
ing and stripping of the check bits 
represent an elegant algorithm, and 
the detailed decode subroutine is a 
commendable academic exercise, but 
the 40-odd instructions which must 
be executed for every 4-bit character 
are entirely unnecessary for any prac- 
tical implementation. A simple table 
lookup from 128 entries can be used 
to convert any 7-bit character to the 
original 4-bit character and even iden- 
tify the error, if desired. 

It is fairly simple to find a set of 
16 reference patterns of 7 bits, each of 
which differs from the others by at 
least 3 bits. This ensures that the 7 
patterns generated by a single error 
in each of the 16 reference patterns 
is distinct from those generated by a 
single error in any of the other 15. 
Thus, of the 128 7-bit patterns pos- 
sible, 7 x 16 = 112 are unique error 
transforms of the original 16. It is not 
difficult, therefore, to associate each 
of the 128 entries in a table with the 
original 4-bit pattern and even iden- 
tify which bit was in error to generate 
that entry. 


John M. Harriman 

General Electric Nuclear Energy 
Group 

San Jose, Calif 


To the Editor: 


The Design Note entitled “Software- 
Based Single-Bit 1/o Error Detection 
and Correction Scheme” (Sept 1978, 
pp 130, 134, 136, 137) interested me 
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for a variety of reasons. However, I 
would like to point out one mislead- 
ing “conclusion” shown on p 134, ie, 
“A triple error would be received as 
if it were correct; no error would be 
detected.” 

This is not, in general, true. Using 
the scheme and notations in that 
article, an example is given as follows. 
Assuming that I, I; I I, = 0000 (C, 
Cy Iz Cy Is Ig 1; = 0000000), and I, 
I;, and I, are incorrect (C, Cy Ig C4 
I; Ig I; = 0010101), error pattern 
001 can easily be derived. This pat- 
tern, however, reflects information on 
error detection in some sense other 
than “as if it were correct.” 


Tzong-Yu Paul Lee 
Sycor, Inc 
Ann Arbor, Mich 


To the Editor: 


Your Aug 1978 publication contained 
an article by John E. Buckley on 
“Multi-Vendor Information Systems” 
(pp 11-12), which was misleading 
with respect to the Bell of Pennsyl- 
vania policy on joint inter-vendor di- 
agnostic testing efforts. The article 
implies that Bell of Pennsylvania does 
not participate in cooperative diag- 
nostic efforts at a customer’s premise. 
This is simply not the fact; indeed, 
the contrary is true. 

In our zeal to effectively support 
customer data communications needs, 
we, as well as all other Bell System 
Operating Companies, have estab- 
lished especially trained “data com- 
munication systems oriented” organi- 
zations to accommodate the indepth 
diagnostic requirements inherent in 
multi-vendor environments. This 
course of action was instituted in the 
early 1970s when it became apparent 
that meaningful inter-vendor coopera- 
tive efforts required a level of tech- 
nical expertise that was beyond the 
scope of our normal “service person- 
nel.” Only subsequent to the estab- 
lishment of these specialized organi- 
zations did we place the cooperative 
diagnostic constraints on our normal 
service personnel mentioned in the 
Buckley article. 


The existence and function of these 
specialized organizations termed Data 
Technical Support (DATEC) and Cus- 
tomer Software Support Specialists 
(csss) is well known throughout the 
Bell System, as well as to the data 
communications vendor community. 
Many articles acknowledging these 
organizations have appeared in trade 
journals, eg, Computerworld (July 
1973), Telephone Engineering and 
Management (Mar 1975, Aug 1978), 
and Data Management (Sept 1973). 
In addition, listings detailing specific 
DATEC contacts in each Bell System 
Operating Company have been dis- 
tributed to requesting vendors by 
AT&T headquarters. 

To bring these specialized organi- 
zations into action, a customer need 
only express this requirement to the 
normal telephone company interface, 
ie, service or marketing representative, 
once each involved vendor has uni- 
laterally verified the proper perfor- 
mance of his portion of the overall 
data communications system. 


Thomas K. Weigand 
Bell of Pennsylvania 
Philadelphia, Pa 


Letters to the Editor should be 
addressed: 


Editor, Computer Design 
11 Goldsmith St 
Littleton, MA 01460 


CORRECTION 


In the October Micro Data Stack/ 
Computers and Systems item en- 
titled “Emulator Permits Faster 
File Sorting and Accessing” con- 
tained on pp 190, 192, the access 
times of the General Robotics 


spvl1l supenpisK should be listed 
as under 100 us. It should also be 
noted that the logic and timing 
strategies discussed “are designed 
. . . so that the memory seems 
to be always ready to transfer data 
from the sector being addressed.” 
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“Talk about 


em, 


Ss 


Power-One has the best looking 
power supplies in the world. 


(...but who really cares.) 


"POlep One 


The SA800 and the SA850. 
Whether you use our SA800/801, the 
world’s most demanded floppy disk drive, 
or our SA850/851 —the world’s first IBM- 
compatible, double-sided, double density 
disk drive —you’re sure to get ahead. Why? 
Because only Shugart controls the head tech- 
y nology that gives you the best ceramic read/ 
y write heads on the market. And our OEM's 
—» «know that they are buying the latest technology, 
iB because Shugart is the only independent company 
P in the business which controls its own head R&D 
, and manufacturing. That's why we're the only 
company in the Bosiiers to have delivered over half a million of these heads. 


Two grea 
ahead wit 


Why the SA800/801 is the industry standard. It's no secret that the 

SA800/801 faces drive has become the industry standard. Its performance results directly 
from our proprietary head technology. 
When you talk about a media life of over 3.5 
million passes and a head life that exceeds 
15,000 hours, you're talking about standard- 
setting performance. Add to that a’choice 
of 400 kbytes or 800 kbytes (unformatted) 
and single or double density capability on 

_ the same drive for the same price. And then 
-D/WRITE GAP settle the matter with system performance 

| like soft read error rates of 1/109, hard read 

errors of 1/1012, and seek errors of 1/108. 


The SA850/851. First and first with Fasflex™ 
Which means the SA850/851 double- 
sided floppy is the first independently 
manufactured drive to double data 
storage capacity. And it’s the first to cut 
access time to 3 milliseconds with the 
Fasflex™ actuator. And the SA850 offers 
maximum media flexibility, too. Storage? A 
double-sided, double density SA850 gives 
you up to 1600 kbytes (unformatted). It can 
utilize FM, MFM, or M2FM encoding. Access 
time? Shugart's proprietary Fasflex metal 
band actuator gives you a 3ms track to track 
access time with an averageseek time, including 
settling, of 91ms. Yet Fasflex requires only half the 
power of lead screw actuators. Media flexibility? 
Whether you use conveniently obtainable Shugart media, 
or other brands, the SA850 drive family reads and writes data on single and double 

density media, and on single and double-sided media. 


ways to get 
Shugart. 


Two out of three OEM's specify Shugart. During 1979, more than a quarter million 
Shugart floppy disk drives will be installed throughout the world. No other manufacturer comes 


close to that magnitude of delivery. The reason? OEM's rely on our total commitment to R&D. 

That commitment means we deliver state-of-the-art, low cost, 
rotating memory products that have a track 
record for quickly becoming industry stan- 
dards. Our success comes from our grasp of 
where performance in low cost, rotating 
memory originates: the head technology. 
That's our strength; it's why we're called The 
Headstrong Company. Shugart Associates 
Headquarters: 435 Oakmead Parkway, 
Sunnyvale, California 94086 (408) 733-0100; 
West Coast Sales/Service: (408) 252-6860; 
Midwest Sales/Service: (612) 574-9750: 
East Coast Sales/Service: (617) 893-0560; 
Europe Sales/Service: Paris (1) 686-00-85; 
Munich (089) 176006; Shugart products 

are also available off the shelf from local < 

Hamilton Avnet outlets. os 


J. Shugart 


The Headstrong Company 
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CALENDAR 


JAN 8-9—Internat’l Sym on Mini and Micro- 
computers in Control, Islandia Hyatt House, 
San Diego, Calif. INFORMATION: The 
Secretary, Computers in Control Symposium, 
PO Box 2481, Anaheim, CA 92804. Tel: 
(714) 774-6144 


JAN 16-18—Internat’l Sym on Mini and 
Microcomputers (MIMI), Disneyland Hotel, 
Anaheim, Calif. INFORMATION: MIMI 79 
Anaheim, PO Box 2481, Anaheim, CA 92804. 
Tel: (714) 774-6144 


JAN 16, FEB 8, and FEB 26—Invitational 
Computer Conf, Orange County, Calif; Ft 
Lauderdale, Fla; and Atlanta, Ga. INFORMA- 
TION: B. J. Johnson & Associates, 2503 
Eastbluff Dr, Suite 203, Newport Beach, CA 
92660. Tel: (714) 644-6037 


JAN 22-26—Computers and Peripheral Trade 
Show, London, England. INFORMATION: E. 
Belden, U.S. Dept of Commerce, Bureau 
Export Div, Washington, DC 20230 


JAN 30-FEB 1—Communication Networks, 
Sheraton-Park Hotel, Washington, DC. IN- 
FORMATION: Ed Halsted, The Conference 
Co, 60 Austin St, Newton, MA 02160. Tel: 
(617) 964-4550 


FEB 6-8—Sym on Modeling and Performance 
Evaluation of Computer Systems, Technische 
Universitat Wien, Austria. INFORMATION: 
Dr A. Butrimenko, Internat'l Institute for 
Applied Systems Analysis, A-2361 Laxenburg, 
Austria 


FEB 14-16—European Conf on Parallel and 
Distributed Processing, Toulouse, France. IN- 
FORMATION: C. Girault, Institut de Pro- 
grammation, 4 Place Jussieu, 75230 Paris 
Cedex 05, France 


FEB 14-16—IEEE Internat’! Solid State Cir- 
cuits Conf (ISSCC), Philadelphia, Pa. IN- 
FORMATION: Lewis Winner, 301 Almeria 
Ave, PO Box 343788, Coral Gables, FL 33134. 
Tel: (305) 446-8193 


FEB 26-MAR I—COMPCON Spring, San 
Francisco, Calif. INFORMATION: COMP- 
CON Spring 79, PO Box 639, Silver Spring, 
MD 20901. Tel: (301) 439-7007 


FEB 26-MAR 2—INTELCOM, Dallas Con- 
vention Ctr, Dallas, Tex. INFORMATION: 
M. Raftery, Mgr of Promotion, Horizon House 
Internat'l, 610 Washington St, Dedham, MA 
02026. Tel: (617) 326-8220 


FEB 27-MAR 2—NEPCON WEST, Anaheim 
Convention Ctr, Anaheim, Calif. INFOR- 
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MATION: Industrial and Scientific Conf 
Management, Inc, 222 W Adams St, Chicago, 
IL 60606. Tel: (312) 263-4866 


FEB 28-MAR 2—Internat'l Computer Expo, 
Tokyo Internat’! Trade Ctr, Tokyo, Japan. 
INFORMATION: Golden Gate Enterprises, 
Inc, 1307 S Mary Ave, Suite 210, Sunnyvale, 
CA 94087. Tel: (408) 735-1122 


MAR 4-8—Business Systems Exhibition, U.S. 
Trade Ctr, Tehran, Iran. INFORMATION: 
Susan Blackman, Project Mgr, Commerce Ac- 
tion Group for the Near East (CAGNE), 
Rm 6015B, Washington, DC 20230. Tel: 
(202) 377-2952 


MAR 6-8—Optical Fiber Communication, 
Shoreham Americana Hotel, Washington, DC. 
INFORMATION: Optical Society of America, 
2000 L St, NW, Suite 620, Washington, DC 
20036. Tel: (202) 293-1420 


MAR 19-21—IECI Conf and Exhibit on In- 
dustrial and Control Applications of Micro- 
processors, Philadelphia, Pa. INFORMATION: 
S. J. Vahaviolos, Physical Acoustics Corp, 
PO Box 3135, Princeton, NJ 08540. Tel: 
(609) 799-8266 


MAR 25-28—Numerical Control Society An- 
nual Meeting and Technical Conf, Marriott 
Hotel, Los Angeles, Calif. INFORMATION: 
Joyce Scholl, Numerical Control Society 
Headquarters, 1800 Pickwick Ave, Glenview, 
IL 60025 


APR 2-6—Computers and Peripheral Equip- 
ment, Melbourne, Australia. INFORMATION: 
Peter Ryan, Office of International Market- 
ing, Industry and Trade Administration, U.S. 
Dept of Commerce, Washington, DC 20230. 
Tel: (202) 377-2849 


APR 3-5—Specifications of Reliable Software 
Conf, Hyatt Regency Hotel, Cambridge, Mass. 
INFORMATION: Software Engineering, PO 
Box 639, Silver Spring, MD 20901. Tel: (301) 
439-7007 


APR 9-12—INTERFACE, Chicago, Ill. IN- 
FORMATION: Sheldon G. Adelson, Presi- 
dent, Datacomm Interface, Inc, 160 Speen 
St, Framingham, MA 01701 


APR 23-25—Sym on Computer Architecture, 
Marriott Hotel, Philadelphia, Pa. INFORMA- 
TION: Dr Barry Borgerson, Sperry Univac, 
PO Box 500, Blue Bell, PA 19422. Tel: (215) 
542-2013 


APR 24-26—Electro, New York Coliseum and 
Americana Hotel, New York, NY. INFOR- 
MATION: William C. Weber, Jr, General 
Mgr, Electronic Conventions, Inc, 999 N 
Sepulveda Blvd, El Segundo, CA 90245. Tel: 
(213) 772-2965 


APR 24-26—Reliability Physics Sym, Airport 
Hilton, San Francisco, Calif. INFORMATION: 
Dr Frank B. Micheletti, Rockwell Internation- 
al, Electronics Research Ctr, D/545, 022- 
HA27, 3370 Miraloma Ave, Anaheim, CA 
92803. Tel: (714) 632-4380 


MAY 21-23—European Hybrid Microelec- 
tronics Conf and Exhibition, Internat’! Con- 
gress Centre, Ghent, Belgium. INFORMA- 
TION: Prof R. Govaerts, Katholieke Uni- 
versiteit Leuven, Afdeling E.S.A.T., Kardinaal 
Mercierlaan 94, B-3030 Heverlee, Belgium 


SEMINARS 


FEB 22-23 and MAR 29-30—Microproces- 
sors: Hardware, Software, and Application, 
Worcester Polytechnic Institute, Worcester, 
Mass; and Boston, Mass. INFORMATION: 
Ginny Bazarian, Program Coordinator, Office 
of Continuing Professional Education, Wor- 
cester Polytechnic Institute, Worcester, MA 
01609. Tel: (617) 753-1411, X517 


MAR 19-20—Microcomputers: Operating 
Principles, Hardware, and Software; and MAR 
21-23—Microcomputer Hardware and System 
Design, Holiday Inn, Palo Alto, Calif. IN- 
FORMATION: Prof Donald D. French, Insti- 
tute for Advanced Professional Studies, One 
Gateway Ctr, Newton, MA 02158. Tel: (617) 
964-1412 


SHORT COURSES 


JAN 15-19—ECM and ECCM for Digital 
Communications, JAN 23-26—Design and 
Applications of Computer Graphics Systems, 
FEB 5-7—Data Compression: Techniques and 
Applications, FEB 7-9 and MAR 7-9—Micro- 
processors, and FEB 14-16—Applications of 
Microcomputers in Control Systems, George 
Washington U, Washington, DC. INFORMA- 
TION: Director, Continuing Engineering Edu- 
cation, George Washington U, Washington, 
DC 20052. Tel: (202) 676-6106 


Announcements intended for pub- 
lication in this department of 
Computer Design must be re- 
ceived at least two months prior 
to the date of the event. To en- 


sure proper timely coverage of 
major events, material preferably 
should be received six months in 
advance. 
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Head andshoulders 
below the competition 


DEC RX01 


1012” 
$4300 
Bootstrap $320 extra 


DSD 110 


Bootstrap included 


OR 


Data Systems’ new, floppy disk system offers 
performance and storage equal to DEC®’s RX01, 
but uses half the space and costs 25% less. 


Save money, save rack space All this is possible because the To find out more about the 

and increase your system’s re- interface, formatting and con- low-cost, low-profile DSD 110, 

liability by selecting the DSD 110 troller circuitry, and hardware contact Data Systems today. A 

for use with any DEC LSI-11 or bootstrap have been combined data sheet and price list will be 

LSI-11/2. on a single dual-wide card. This forwarded to you immediately. 
card, which is available sepa- 

The DSD 110 provides 512K rately, eliminates the need for igh nial saietechat ees 

bytes of fully DEC-compatible DEC’s REV-11 card. a alia 


storage in a 5%" cabinet. While 
the DSD 110 saves you rack 
space, it also uses one less Data Systems Design, Inc. 
Q-bus slot than DEC’s RX01. 3130 Coronado Drive, 
f , Santa Clara, CA 95051 
(408) 249-9353 
TWX 910-338-0249 


Data Systems has combined 
interface, formatter, con- 
troller, and hardware 
bootstrap on this single 
dual-wide card. Available 
separately in OEM quantities 
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Beauty More 
than Skin Deep. 


You might agree that our new RS/RT Series of 
single and triple output switchers are nicely 
packaged. The rea/ beauty, however, of these 
high-performance supplies lies under their 
covers. Designed for high-reliability applica- 
tions, they consist of three separate function 
sub-modules. An input board, converter board 
and an output board are joined by a mother strip 
to eliminate all interconnecting harnessing. 


Utilizing the latest technology, the switchers 
feature soft-start; LSI circuit modulator chip; 
low ESR capacitors for reduced ripple and 
noise; and an impressive 40 MSEC minimum 
holdover storage capability. To make sure that 
they keep on performing way past their 5-year 
warranty, we subject every unit to a rigorous 
testing program: 100% component screening; 
numerous in-process electrical inspections; 
each module is functionally tested; the com- 
plete unit is burned-in for 48 hours at 50°C, 
and the supply is then computer tested to all 
its performance specifications. 


Output Converter Input 


Module Module Module 
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Our new Sub-M 


Complete steel 
EMI enclosure 


High power, 
High reliability 
switching 
Transistors 


LSI Control 
(low parts count) 


High frequency 
shielded power 
magnetics 

(low radiation) 


Low ESR 
output 
Capacitors 


2 section 
output Filter 
(low ripple) 


Control 
barrier 
strip 
(Remote sense, 
inhibit, margin) 


acde ele 


401 Jones Road, Oceanside, Califo 
211 West Clay Avenue, Roselle Park, Nev 
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xdular Switcher 


Computerized 
Quality Assurance 


Soft start 
Thermistor 
(low line inrush) 


Extra large 
Computer grade 
storage Capacitors 
(high reliability 
holdover time) 


115 VAC/230 VAC 
changeover 


EMI Filter 
(VDE 0875N) 


Interconnecting strip 
(no wire harness) 


cironics 


nia 92054 Telephone: (714)757-1880 
Jersey 07204 Telephone: (201)241-6077 
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You receive a copy of this test report as a 
print-out with every RS/RT supply we deliver! 
Your assurance that once you’ve installed one 
into your system, it’ll keep on working. 


A 12-page brochure gives complete details in- 
cluding how the series meets the stringent 
VDE requirements for EMI. Send for it now. 


Modeis 


RS Series - Single Output 


MAX. CURRENT AMPS 
MAX. CURRENT AMPS 
MAX. CURRENT AMPS 
MAX. CURRENT AMPS 


| VOLTAGE (ADJUSTABLE + 5%) iron 18) 
5V/12V/12V | 5V/15V/15V $ 


MAX. CURRENT AMPS 20/2/2 20/2/2 375 
MAX. CURRENT AMPS 30/5/2 30/4/2 415 
MAX. CURRENT AMPS 60/5/5 60/474 525 


*Ask About Quantity Discounts 
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COMMUNICATION CHANNEL 


INFORMATION SYSTEMS REVIEW— 


AND EPILOGUE 


John E. Buckley 


Telecommunications Management Corporation 
Cornwells Heights, Pennsylvania 


[. this month’s “Communication Channel” is the last in 
a series of monthly columns that it has been my pleasure 
to write for Computer Design. Since the January 1970 
issue I have been able to explore and discuss many of 
the technologies, applications, and developments of data 
communications systems through this column. 

After nine years of commenting on this dramatic period 
in the evolution of information systems, I have made the 
decision to “retire” as an author for “Communication 
Channel.” Appropriately then, this last column reviews 
developments that we have experienced during this time. 
I am also taking this opportunity to express acknowledge- 
ment and appreciation for the courtesies and cooperation 
that have been provided me by the staff of Computer 
Design magazine over these years. Most importantly, I 
want to take this opportunity to bid farewell to my read- 
ership. I have had the pleasure of personally meeting 
many of you in the course of business activities. Such en- 
counters have reinforced my basic conviction that this 
column has made a positive contribution to the advance- 
ment of this technology and its applications. 

During these nine years, advancements and develop- 
ments relative to information systems have been signifi- 
cant. With respect to data transmission rates, the maximum 
practical limit in 1970 was generally accepted as 2000 
bits/s for the switched telephone network and, with cau- 
tion, 4800 bits/s for a conditioned leased channel. Any 
references to 7200 bits/s or 9600 bits/s were consid- 
ered to be in a pioneer category. Today, 9600 bits/s 
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is not only recognized as a reliable leased channel data 
rate but is considered practical for the switched telephone 
network under certain controlled circumstances. 

Cost of modems (modulating-demodulating equipment) 
has been significantly reduced due to the application of 
new component technology. The typical asynchronous 
modem operating at 1200 bits/s in 1970 carried a pur- 
chase price of $1500 to $2000. Today, this same type of 
data set can be purchased for less than $1000, with some 
models as low as $500. 

Remote data communication terminals at the beginning 
of this decade were primarily batch transmission ter- 
minals, operated under control of a central processor 
for RJE applications. A few such terminals were avail- 
able with a new concept called a minicomputer as an 
integral part of the terminal. Such rye or batch trans- 
mission terminals typically demanded a purchase price 
of over $25,000 with the majority of the programming 
control still being resident in the central processor. 

Interactive terminals were available as either teletype- 
writer printing devices or crt display devices. In both 
cases, these historic interactive terminals lacked significant 
flexibility in application or operation. Limited switch 
settings or internal wiring changes were the typical means 
of providing some application adaptability. With such 
primitive terminals, it was obvious that all processing and 
control decisions had to be resident in a centralized 
processing complex. Major interactive terminal differences 
were whether the terminal was buffered (crr only) and 
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oO: new line of 80-column, dot-matrix line printers 

- the Anadex DP-8000 Series - combines high 
performance and operating convenience with a price that’s 
causing OEM's to take a closer look. 


Looking for Performance? 

All models feature a precision engineered, continuous 
duty printer mechanism that can print the complete 

96 ASCII character set, bi-directionally, at 84 LPM actual 
throughout. And three lines of internal FIFO buffer storage 
(optionally, 2K character FIFO buffer for CRT dump, etc.) 
allow faster external system operation. 


A9x 7 character font provides virtually half-dot resolution 
for superior print quality. 


For flexible interfacing, the 
Printer 


DP-8000 is available with three 


with selectable BAUD rates up 


Price’ Performance 


For complete details, contact DP-8000 Marketing Dept.; 
Anadex, Inc.; 9825 DeSote Ave.; Chatsworth, CA 91311; 
Phone (213) 998-8010; TWX 910-494-2761. 


never looked 
befter. 


standard interfaces: EIA-RS232C, 


to 9600 BAUD; Current Loop; or Parallel- 
Bit, Serial Character. 


Precise positioning of single or 
multiple-part paper is ensured by 
sprocket-feed paper advance, user- 
programmable Top of Form Control, 
and up to 8 Vertical Tabs. 


Looking for Convenience? 

For operating ease, the DP-8000 Series 
accepts paper through the rear or 

bottom of the unit, provides programmable 
Skip Over Perforation control, and Out 

of Paper indication and signal. 


Looking for Low Cost? 

The best news is the price. A complete 
DP-8000, including case, is priced under 
$600 in OEM quantities. 


Once you've examined the specifica- 
tions and seen the printer in operation, 
we think you'll agree, ‘Printer Price/ 
Performance never looked better.” 


JA\anacex 
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THINI 


The easy-to-use, BASIC, scientific 
and engineering computer you buy on 
a calculator budget. 


MINC does everything a desk-top calcu- 
lator does and a lot more. 
For about the same price you'd pay for 
a minimal desk-top calculator, you can 
buy MINC, the easy-to-use, complete 
computer system. MINC comes with 
ready-to-run graphic, scientific and 
laboratory programs. This Digital 
system has its own graphics terminal, built-in IEEE 
interface, one million character dual floppies, and three 
serial-line interfaces — all in a cart that you can wheel from job to job. 
Plug MINC in, turn iton, and you can plot charts, solve complex 
engineering and statistical problems, control instruments and 
acquire data. It’s all BASIC to MINC. 
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And, if you want to go beyond 
BASIC, you can. You can add 
FORTRAN and other high-level 
languages. You can add specialized 
input/output modules. 

More system. More functionality. 
But, not more money. 

For more information or a MINC demonstration, contact your 
local Digital Sales Office or Jack Kay, MINC Product Manager, 
Laboratory Data Products Group, Digital Equipment Corporation, 
Marlborough, Massachusetts 01752. Telephone (617) 481-9511, 

Ext. 6969. European headquarters: 12, av. des 
Morgines, 1213 Petit-Lancy/Geneva. Tel: 93 33 11. dj ilo} i|t}al! 
In Canada: Digital Equipment of Canada, Ltd. 
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Advanced Microcomputer Development System 


uP uP and away 


, 
Pay! 


wn, 


Pat 


= 
= 
o 
a 


Futuredata introduces 
the development system 
that sets you free. 


This newest 

development in 

development systems sets you free to 
cope with the expanding world of 
“P-based product design. Free to design 
with the 8086, 8085, 8080, 6800, 6802 
or Z-80 and free to add many other 
processors soon. This system puts 
universal hardware and software 
development capabilities at your 
fingertips: real-time in-circuit emulation 
to 5 MHz, real-time 48-channel logic 
analyzer, up to 2 megabytes of disk 
memory, and every software aid, 
including high level language compilers, 
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relocating macro-assemblers and 
disassembling symbolic debuggers. 
CPU, CRT and keyboard are all neatly 
integrated in one compact, mobile 
station to liberate more of your bench 
space. It’s the universal, compact, 
state-of-the-art AMDS — Advanced 
Microcomputer Development System. 
Futuredata, 11205 S. La Cienega Blvd., 
Los Angeles, CA 90045. (213) 641-7700 
TWX: 910-328-7202. 


futurecata 


therefore would permit some local screen editing, or 
whether the terminal had a direct keyboard entry so that 
the terminal’s output device (printer or display) was 
merely a monitor of the data exchange with the central 
computer center. 

Today’s interactive terminals are, in many cases, com- 
plete programmable processing elements with the appli- 
cation of the microprocessor and semiconductor memory 
elements (RAM, P/ROM, EPROM, etc). In most interactive 
applications, data control and data manipulation is per- 
formed totally by the interactive terminal with the central 
processor being involved only with exception or conclu- 
sion data. This transfer to distributive processing has not 
only improved the processing efficiency of the central 
processor but also reduced the data transmission volume. 
Since actual data exchange now takes place on an ex- 
ception and scheduled basis, the sensitivity of the ap- 
plication to transient communications channel permuta- 
tions has been significantly reduced. 

In the area of data memories, the traditional magnetic 
core arrays or early semiconductor memories have sig- 
nificantly evolved. This memory evolution, coupled with 
the advent of the microprocessor, has had the most pro- 
found influence in reshaping the concepts of information 
processing systems. Low cost data storage has moved 
from traditional serial data media such as magnetic tape 
to the low cost random memories of the floppy disk. Those 
who can clearly remember the application concepts of 
1970 will recall that the punched card was still king. 
Today a punched card is viewed with reverent interest as 
one would normally consider other evidences of our an- 
tiquity. 

Data network options have also emerged as one of the 
most significant developments of this period, eg, packet 
switching, digital transmission as well as the alternative 
analog channels from the specialized communications 
common carriers. The future growth and development of 
information systems will be heavily influenced during the 
remainder of this century by these new data network 
services. The trend in data networks is toward a total 
digital environment, providing the information system 
user a communications medium compatible with the signal 
characteristics of digital processing. The future of modu- 
lating-demodulating equipment required for the traditional 
analog transmission channels can be expected to diminish 
in future information systems. In this same context, we 
have witnessed the commercialization of satellite-derived 
channels. These facilities have not only contributed to the 
lower cost of communications but have improved inherent 
data transmission reliability by orders of magnitude. The 
1980s promise a considerably wider use of these satellite- 
derived facilities on a domestic scale. Such facilities will 
typically be offered as digital transmission channels with 
respect to the end user’s interface. 

Two of the most significant developments of the 1970s 
have been the maturation of the communications regula- 
tory attitude and the application of microprocessor tech- 
nology. These occurrences were only in their embryonic 
state as of January 1970. Today, they exert the greatest 
influence on advancements being experienced as well as 
anticipated in the evolution of information system appli- 
cations. In January 1970, the landmark decision of the 
Fcc in the Carterfone case was slightly more than one 
year old. Most participants in the telecommunications in- 
dustries could only speculate on the ultimate ramifications 
of that decree. The traditional communications common 
carriers were bemoaning the ultimate collapse of the pub- 
lic telecommunications system due to this permitted in- 
trusion of destructive products and practices by unscrupu- 
lous and uninformed private sources. At the other extreme 


of this emotional spectrum, technically liberal advocates 
were acclaiming the dawn of new application freedoms 
and the elimination of utility suppression. 

Over the past nine years we have fortunately seen the 
emergence of responsible practices from these joint users 
of the public telecommunications system. The introduction 
of responsible competition in both the equipment and 
facility domains has resulted in better values in com- 
munications services and products being available to the 
information system user community. Today, there are 
still vestiges of the old animosities. These prejudices will 
fade from practice as the regulatory philosophy continues 
to change from directing to guiding the telecommunica- 
tions industries. The 1970s can be characterized as a con- 
tainment of the large communications utilities while 
emerging competitive entities gained viable positions. The 
next decade will tend to evidence a liberalization of the 
restrictions that are presently imposed on the larger utili- 
ties, such as the AT&T Consent Decree. 

In the technological arena, the advent of the micro- 
processor and its peripheral technologies has achieved 
the economic objectives necessary to permit the realiza- 
tion of truly distributive information. The majority of the 
older information systems were actually manifestations of 
design compromises. Traditional costs of computational 
and data storage capabilities relegated these functions to 
larger processing environments. In a number of applica- 
tions, these constraints were accepted as absolutes with 
no encouragement to re-analyze basic design premises. 
Microprocessor concepts have stimulated a total re-exam- 
ination of these previously accepted absolutes. The results 
can be seen throughout today’s information systems and 
will continue to provide lower cost and more adaptive 
telecommunications equipment and systems. 

My contributions to “Communication Channel” have 
been made during this period of evolution and advance- 
ment. At its inception a majority of data processing per- 
sonnel had little awareness or understanding of data com- 
munications. Today, virtually every computer system has 
a telecommunications aspect, and its associated personnel 
have at least a comfortable conversational understanding 
of the physics and applications of data communications. 
During these dynamic nine years the user community has 
matured as well as the technology. I trust that “Communi- 
cation Channel” had at least a small part in contributing 
to this maturity. 

I have always adhered to the philosophy that the basic 
laws of physics do not change. There are certain absolute 
relationships among the principles involved in data com- 
munications. For example, the signal propagation time on 
a satellite channel is longer than that on a terrestrial chan- 
nel because of the speed of light. This relationship will 
remain valid until the speed of light is changed. There- 
fore a thorough understanding of the applicable physics 
of a data communications aspect will always provide the 
ability to properly evaluate that aspect. The only major 
difficulty is in maintaining a current glossary and/or syl- 
labus of the terms and colloquialisms that manufacturers 
continually apply to the same basic concepts and tech- 
niques. We are now entering an era in which applica- 
tions will dominate. The necessary innovative develop- 
ments have occurred during the 1970s. A basic under- 
standing of the physical principles involved will enable 
anyone to effectively evolve with this technology. 

It is with a twinge of nostalgia that I conclude nine 
years of unidirectional conversation with my unseen read- 
ers. Many thanks and best wishes to my friends at Com- 
puter Design and most importantly, best wishes and suc- 
cess to each of you during this holiday season and during 
the infinite seasons to come. 
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TWELVE REASONS 9 
WHYTHELGS THE 
MOST PRODUCTIVE 


LSI BOARD TESTSYSTEM 


To compare productivity in LSI board testers, take 
their three common operations: diagnosing, testing, and 
programming. Now, to each operation apply the basic 
measures of productivity: cost, throughput, and quality 
of testing. 


1. The L135 finds bad LSI devices 

on long buses. 

The Electronic Knife does it. It takes just a few more 
probes after regular guided probing finds the failing bus. 
Without the Electronic Knife, you’re faced with trial and 
error replacement of LSI chips. Or skilled technicians 
tying up the system for an hour or more per bad IC. 
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YOU CAN OWN. 


2. The L135 makes fewer diagnostic 
probes —by an order of magnitude. 


State-sensitive trace does it. Most LSI boards are loaded 
with multi-input LSI chips linked through “wired-and” 
bidirectional buses. These often require hundreds of 
diagnostic probes per fault. State-sensitive trace cuts the 
number dramatically. 


3. The L135 produces immediate 
probe commands. 

The on-line circuit model with a large random-access 
memory does it. With circuit structure immediately 
accessible, the operator does not wait for commands 
between probes. Other test systems that use fault dic- 
tionaries often delay each command several seconds, 
adding minutes to each diagnosis. 


4. The L135 mechanizes probing. 


The M150 Automatic Prober does it. Seven to ten times 


faster than a human operator, the M150 speeds up board 
diagnosis even more because its operation is both error- 
free and fatigue-free. 
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The L135 delivers the highest quality of 
testing, thereby slashing costs for diagnosis 
later at systems test and service out in the field. 


5. The L135 emulates LSI-board 
operating environments. 

5-MHz clock-rate testing does it. To ensure adequate 
board quality, you usually have to run LSI boards at clock 
rates as the last step in testing. Only the L135 provides 
test rates of up to 5-MHz, the speed of many microproc- 
essors seen in today’s products. 


6. The L135 emulates and tests 
CPU sets. 
Multiple drive/compare phase control does it. During 


clock-rate testing, the test system must first replace the 
CPU set and then test it at speed. The associated micro- 
processors usually receive multi-phase inputs and gener- 
ate multi-phase outputs. The L135 provides the neces- 
sary, eaSy-to-program, precise phase controls over 
driver inputs and comparator strobing. 


7. The L135 tests and diagnoses 
analog circuits. 

Integrated ac-dc-parametric capability does it. The L135 
offers many analog force-and-measure functions through 
matrix connections, all completely integrated into system 
hardware and software. If these capabilities aren’t inte- 
grated into the test system, they must often be added to 


accommodate the increasing analog content of LSI boards. 


That prolongs test time and slows diagnosis considerably. 


8. The L135 tests at dc and clock-rate 
on the same channel. 

All-speed pin compatibility does it. In clock-rate testing, 
high-speed tests are usually applied on the same pins 
tested earlier with dc. The L135 allows you to apply both 
types of tests at the same system channel, eliminating 
the need for awkward switching or extra channel capacity. 


9. The L135 has enough clock-rate 
channel capacity for the big jobs. 

444 I/O pins does it. Big LSI boards have upwards of 
250 edge-connector pins, all active. In addition, you need 
simultaneous access to dozens of internal test points and 
devices invisible to the edge connector. The L135 offers 
the highest clock-rate channel capacity, enough for all 
foreseeable LSI boards. 


10. The L135 cuts total 
programming time. 

The P400 Automatic Test Generation System does tt. 
The P400 automatically generates all the dc patterns and 
diagnostic data for the toughest part of most LSI boards: 
the jungle of random digital logic, as well as those por- 
tions containing modeled LSI devices. Total program- 
ming time is shorter. The best of the so-called “auto- 
mated test generation” techniques offered by other 
systems still require manual pattern-writing. That takes 
longer and costs much more. 


The L135 cuts the time needed 
to get products into the production line and 
out to the market place. 


11. The L135 cuts system time 

for debugging. 

Immediate-response debug software does it. During test- 
plan debugging, the L135 responds to the test engineer's 
commands and displays results immediately. Total 
debugging time is cut to a fraction because the test 
engineer is not distracted by system delays; he can con- 
centrate on his circuit and his test plan. 


12. The L135 readily assembles 

the many parts of LSI test plans. 
Structure-merge programming does it. Test plans origi- 
nate in many places: manual patterns and circuit models, 
learned data from known good boards, circuit and device 
simulators, automatic pattern generators, etc. The 
L135’s structure-merge software and its straightforward 
protocol assembles them all into a coherent package, 
saving your engineers hours of tedious and costly work. 


For more information on these and other L135 features, 
write Teradyne, Inc., 183 Essex Street, Boston, 
Massachusetts 02111. 
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COMMUNICATION CHANNEL 


Single-Board Intelligent Controller Performs Communications Tasks 


Intelligent communications controller 
issc544™, combining microcomputer, 
memory, and multichannel capabili- 
ties, is a complete 8-bit computer sys- 
tem assembled on a 6.75 x 12” (17.1 
x 30.5-cm) rc board. mMuLtiBus™ 
compatible, it contains 4 program- 
mable synchronous/asynchronous se- 
rial 1/o channels, 8085A micropro- 
cessor, 16k-byte dual-port dynamic 
read/write memory, sockets for up to 
8k-bytes of rom, 10 programmable 
parallel 1/o lines compatible with the 
Bell 801 automatic calling unit (acu), 
4 programmable baud rate generators, 
3 independent programmable interval 
timers/counters, 12 levels program- 
mable interrupt control, and extended 


system bus addressing for access in 
partitioning a 1M-byte address space. 
Developed by Intel Corp, 3065 
Bowers Ave, Santa Clara, ca 95051, 
the board can operate either as a 
standalone communications computer 
or as an intelligent slave to addi- 
tional sBcs. 

In the standalone configuration, the 
unit can be programmed as an intelli- 
gent controller for a group of “dumb” 
terminals and provide data link con- 
trol and data buffering to each termi- 
nal. In addition, it can handle code 
conversions and interterminal proto- 
cols. Memory and 1/o can be ex- 
panded and functions added using 
compatible expansion boards. 


As an intelligent slave, onboard 
processing and dual-port memory 
capabilities allow the unit to offload 
communications-related tasks from the 
master processor and locally control 
them without accessing the system 
bus. Such operations include serial 
data accumulation, error checking, 
and protocol management. 

With the issc 544, equipment man- 
ufacturers can dedicate communica- 
tions tasks, usually requiring subsys- 
tems containing several conventional 
logic boards, to a single-board intelli- 
gent controller. Applications range 
from communications functions such 
as concentrators and message switches 
to terminal and industrial controllers. 
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CENTRAL COMPUTER 


SERIAL 1/0 


8 INTERRUPTS 
RECEIVER READY 
TRAN 


2 PROGRAMMABLE 
TIMER INTERRUPTS 


SERIAL 1/0 
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8 INTERRUPTS 

RING INDICA’ 

ISMITTER READY CARRIER DETECT 

FLAG INTERRUPT 


POWER FAIL INTERRUPT 
MULTIBUS INTERRUPT 


SERIAL 1/0 


PARALLEL I/O 
\ | 


iSBC 544 architecture. Controller is functionally partitioned into three major sections—l/O, central 
computer, and shared dual-port memory. |/O hardware centers around four 8251A USARTs for fully pro- 
grammable serial interfacing, with individually programmable baud rates for each USART channel. Paral- 
lel 1/O port is buffered by RS-232-C drivers and receivers, directly compatible with Be'l 801 ACU or 
equivalent. 8-bit n-channel 8085A CPU provides processing capability for central computer functions. 
Minimum execution time is 1.45 us. Dual-port 16k-byte RAM provides interface between onboard CPU 
and offboard bus masters. CPU and bus masters share common block of dynamic RAM, allowing data 


to be transmitted between them 
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DSC-80 high performance features. 

* 8080 processor card. (Interrupts, real-time clock, 
four RS-232 ports, interface to disk controller.) 

* High speed DMA disk controller, multi density 


S 
gq (IBM 3740 of double density 571K bytes/diskette.) 
* Two Shugart 800 floppy disk drives, 1.14 Mbytes 


The DSC-80 from DIGITAL MICROSYSTEMS, (Controller will handle 8 drives.) 

an SBC-80 compatible computer with double 32K or 64K (4+ $500) RAM memory card 

density, floppy disk drives, can save you Up to 27.4 Mbytes of disk storage 

money. Five slot motherboard (room for 3 wirewrap cards) 
CBASIC, FORTRAN, PASCAL and COBOL available 
CP/M” and BASIC-E included 

¢ TM Digital Research 


| Digital 
| Microsystems 


The company that was first to deliver double 
density will deliver your DSC-80 in two weeks — 
at a price that can save you money: 


$4264° (32K system) Digital Microsystems 


*OEM Qty. 25 price. Oty. 1 price: $5685. 4448 Piedmont Ave., Oakland, CA 94611 
(Substantial OEM discounts available.) (415) 658-8650 
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ICEMAN Peliversaiie 
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Now you have reliability that won‘t melt away. 


Motorola’s new, ICEMAN switch- 
ing power supplies offer simple, 
efficient, protected performance. 


Just like our line of ICEMAN linear 


supplies, long-term reliability in a 
switcher begins with how it’s made. 

Fewer components mean fewer 
connections, less wiring, reduced 
failure points and modes. 

That was our design goal... to 
make a switcher so simple, so 
reliable, it would unquestionably be 
the outstanding example of high- 
quality, state-of-the-art design. 

By actual count, this Motorola 
PSN1801 switcher contains only 143 
electrical parts—about 25% less 
than the nearest comparable. It 
employs only 22 wires .. . others 
have 200 or more. It uses just one 
connector. Some use as many as 20. 


Two boards and MTBF. 


There’s more protective circuitry, 
in less space, in a Motorola ICEMAN 
switcher than anyone else offers. 
Just two circuit boards do it all. 
The control board measures 

only 24” square and 
contains the latest 


400 W, PSN1801, Single-Output 
ICEMAN Switching Power Supply 


multiple-function ICs in place of 
dozens of discrete parts. The board 
furnishes remote turn-on/turn-off, 
overcurrent and short-circuit 
protection, soft-start to limit over- 
shoot voltage, automatic reset of 


OVP, primary current limit and 


capacitor bleed-off circuits. 

The 18” square main output board 
combines OVP, soft-start for inrush 
current limiting and all output 
supply components. 

ICEMAN switchers are head-and- 
shoulders above others in shrugging 
off faults, transients and fatigue. 


ICEMAN keeps his cool. 


All the way through. Longer. More 
efficiently. 

Our conservative guardbanding 
and hefty heat sinking provide 
unequalled efficiency. 

Four paralleled, 60 A, high- 
temperature Switchmode* Schottkys, 
with a maximum of 120 A capability, 
are used to achieve the 5 V, 80A 
output. In other words, they’re run 
at just 67% of total capability. And 
the Schottkys and the low-sat, high- 
speed Switchmode power transistors 
run at no more than 65% and 60%, 
respectively, of maximum rated 
junction temperatures, minimizing 
thermal stress. 

The heat sinking is up to 100% 
thicker than others ensuring even 
thermal gradients with all the heat 
quickly going where it’s supposed 
to go... out. We've even special- 
wound the transformer to cut losses. 


Specifications: 


PSN1801, 5 V/80 A 
PSD1802, 5 V/60 A, 12 V/B A 
PST1803, 5 V/60 A, 12 V/4A,12V/4A 


Input. 90-130 Vac/180-260 Vac (Select- 
able), 45-440 Hz Single Phase 

Output. Floating, isolated from each 
other and from ground, 600 Vdc max 
Regulation. Line: 0.1% Output, for 
90-130 or 180-260 Vac. Load: +0.1% 
Output, no load to full load 

Ripple and Noise. Less than 10 mV RMS, 
50 mV p-p, as measured. with 50 MHz 
scope 

Temp. Coefficient. Less than 0.2%/°C 
Switching Frequency. 25 kHz (Pulse 
width modulated) 

Transient Response. 500 « s to within 
1% after a 25% load change at 5 A/xus, 
main output 


The standard warranty period for all Motorola linear and switching 
power supplies is 1 year. 


Whatever temperature you run an 
ICEMAN at, your pedal won't be to 
the metal. 


82% 75% 
AA iV" 
75% 
60% 
[eee rere ere | [ESTER rrsear en aed | 


SINGLE OUTPUT 
EFFICIENCY 


TRIPLE OUTPUT 
EFFICIENCY 


Motorola switchers are designed 
to meet not only our own high 
standards but those who set the 
industry’s: VDE 0875/7.71 Curve N 
and all FCC requirements for EMI 
plus UL standards for electronic 
data processing equipment. 

You also get minimum 30 ms 
hold-up time so the regulated 5 V 
supply is retained after interruption 
under full load. 


Cost is cool, too. 


Go to any other source for a design 
of this kind and you'll probably pay 
substantially more. But Motorola 
switchers are priced right on the 
button with units of /esser wattage 
and quality so you know an 
ICEMAN saves you cold, hard cash 
right from the start. 

Prices for the three models range 
from $495 to $625, 1 to 9 quantity. 

Contact Motorola Subsystem 
Products, P.O. Box 20912, Phoenix, 
AZ 85036, (602) 244-3103 or your 
authorized Subsystem distributor or 
representative for more information. 


ICEMAN. 
Quality delivered. 


“Trademark of Motorola Inc 


MOTOROLA INC. 
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COMMUNICATION CHANNEL 


Network Processor 
Handles Asynchronous 
Data Streams 


6010 intelligent network processor pro- 
vides data management functions at 
nodes of communication network. Stan- 
dard hardware includes processor/con- 
troller, nest to accommodate 30 port 
channels, and high speed interface 


Dual microprocessor based 6010 In- 
telligent Network Processor™ (INP) 
combines information from up to 30 
asynchronous devices using statistical 
concentration techniques, thereby re- 
ducing requirements for multiple lines 
and associated data communications 
equipment. It is the latest addition to 
the 6000 series 1vps from Codex Corp, 
20 Cabot Blvd, Mansfield, Ma 02048. 
The 6010 may be used with a variety 
of terminal types in either dedicated 
or dial-up arrangement at standard 
data rates up to 1200 bits/s, with 
high speed line rates up to 9600 
bits/s. ccrrr x.25 level 2 compatible 
full-duplex link protocol provides error 
protection, and online diagnostic rou- 
tines are executed as a background 
function. The unit has the capability 
for centralized network control and 
monitoring from either end of a 6010 
link. Information col'ected related to 
system performance includes terminal 
char error rate, trunk error rate, free 
buffers (available data storage), and 
traffic density. rs-232-C, current loop, 
and mit-stp-188C terminal port mod- 
ules are available. The unit is ap- 
plicable in point-to-point networks, as 
a feeder to a 6030/6040 network, or 
directly attached to a single port on 
a communications frontend processor. 
Circle 401 on Inquiry Card 


Interactive Communication 
System Improves Plant 
Productivity 


Interactive terminal based 3630 plant 
communication system is a family of 
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TELEPROCESSING 
LINE 


Simplified 3630 system loop communications configuration. Both 
local and remote system terminals may be attached. Two local 
9600-bit/s loops up to 2 mi long are available. Terminals more 
than 2 mi away use 3842 loop control unit and teleprocessing 
facilities for attachment. These loops are available for connecting 
to either 8100 or 3630 system controller. When supported by 8100, 
plant system can be incorporated into broad based data pro- 


cessing system via SNA 


data input and output devices de- 
signed for operation in industrial en- 
vironments. Supported by the 8100 
Information System® and by System/ 
370 Processors, it collects such cur- 
rent data as material movement, status 
of work in progress, and employee ac- 
tivity, and distributes it to wherever 
it is needed. The plant system’s 3640- 
series terminals, supported by the 
8100, can also be programmed to in- 
termix with general purpose terminals 
for distributed processing functions. 
The system, introduced on a limited 
basis during the past year by 1BM 
Corp, 1133 Westchester Ave, White 
Plains, ny 10604, is now generally 
available. 

System 3630 includes the following 
devices: 3631 and 3632 program- 
mable controllers, to coordinate com- 
munications between system terminals 
and 8100 or System/370 processors; 
models 1 and 2, 3641 reporting ter- 
minal, work stations having 22-char 
alphanumeric display and 35-key nu- 
meric or 70-key alphanumeric key- 
boards respectively; models 1 and 2, 
3642 mag stripe encoder-printers; 
3643 interactive keyboard, gas-panel 
display terminals, (models 2, 3, and 
4) with 240-, 480-, and 1024-char 
displays respectively; 3644 automatic 


data unit, acquisition and distribution 
device combining analog and digital 
1/o capabilities; 3645 document 
printer; 3646 scanner control unit, a 
work station terminal that can accom- 
modate up to 4 mag readers; and 
both handheld mag scanners and slot 
readers. 

Circle 402 on Inquiry Card 


Key Management Devices 
Expand Data Encryption 
Capabilities 


A key generator and key loader have 
been added to the Info-guard™ series 
of data security products by Motorola, 
Government Electronics Div, 8201 E 
McDowell Rd, Scottsdale, az 85252. 
DES4100xKcm key generator randomly 
generates, stores, and provides op- 
erator control over keys used to en- 
crypt computer information without 
human knowledge of the keys. Each 
protected line in an encrypted data 
communications network has an as- 
sociated unit number and address 
under which encrypted keys are stored 
in the generator’s nonvolatile memory. 


*Computer Design, Dec 1978, p 42, 47 


COMPUTER DESIGN/DECEMBER 1978 


Flicker-free 
and 
ultrahigh 
resolution 
color TV 
displays... 


You can have your choice with 
the Model 374. 


1024 x 512 pixel graphics 
displayed at a non-flicker, 
60-Hz refresh rate. Ideal for the 
display of computer graphics. 


or 
1024 x 1024 ultrahigh resolution 
pixel graphics displayed at a 
30-Hz rate using 2:1 interlace. 
Video bandwidth in excess of 
30 MHz assures that resolution 
is not electronically limited. 


Write or call Dick Holmes fora 


Model 374 descriptive brochure. 


Electronic Image Systems 

Division of Systems Research Laboratories, Inc. 

2800 Indian Ripple Road @ Dayton, Ohio 45440 

Phone 513/426-6000 © TWX 810/450-8621 
CIRCLE 16 ON INQUIRY CARD 


An operator designates from a key 
pad which keys shall be generated for 
which units, but not the keys them- 
selves. These are produced by the 
generator, stored in its own control 
memory, and are inaccessible to the 
outside. 

pES4100xuMm key loader is a port- 
able, handheld intelligent micro- 
processor based unit capable of storing 
32 different keys (256 optional). It 
is electro-optically interfaced to the 
key generator and network security 
module (NsM) via a phototransistor 
and tep. After keys are loaded into 
the unit, it is then used to load key 
data into the appropriate local or re- 
mote NsMs, where, through another 
optical interface, it will transfer new 
key information. Tampering with key 
loader or interfacing it to an unau- 
thorized Nsm will activate switches 
cutting off power and destroying all 
keys within the loader. 

All Info-guard products use the NBS 
data encryption standard algorithm, 
which is public. Therefore security 
lies in the keys and key management, 
and not in the secrecy of the algo- 
rithm. 

Circle 403 on Inquiry Card 


TRAN-PRO (transaction processing ) 
system is a software package designed 
to facilitate the development of online 
communications networks in applica- 
tions where a large number of trans- 
actions must be handled. It supports 
over 200 online terminals, can process 
more than 10,000 transactions/h, and 
allows the application programmer 
with little or no communications ex- 
perience to become a productive on- 
line programmer, according to NCR 
Corp, Davton, on 45479. 

Intended for overation with either 
8000 Criterion or Century series com- 
puters. the software can function in 
a multiprogramming environment. It 
works with the ToTAL data base man- 
agement system, allowing user’s data 
to be organized into an integrated 
comprehensive data base and easing 
the implementation of online svstems. 
Company svokesmen say that the sys- 
tem can significantly reduce the cost 
of online svstem develonoment by per- 
forming editing, formatting, and trans- 
action Jogging functions, as well as by 
providing user security. 

Circle 404 on Inquiry Card 
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Equipment Approved for 
Direct Connection to 
Telephone Network 


The Federal Communications Com- 
mission has granted a complete “fully 
protected” and “grandfathered” status 
(“Certification Update,” Computer 
Design, July 1978, pp 12-14) to the 
D1200 family of psx (public branch 
exchange) systems from Digital Tele- 
phone Systems, Inc, po Box 1188, 
Novato, ca 94947. The decision 
means that nationwide interconnect 
without interface couplers of past and 
present D1200 installations is ap- 
proved as being harmless to the pub- 
lic telephone network, The company, 
a division of Farinon, Inc, of San 
Mateo, Calif, had already received 
similar approval from the California 
Public Utilities Commission. 

Another company granted this cer- 
tification after meeting requirements 
in compliance with the newly enacted 
Fcc Rules Regulations, under the 
terms of the Third Report and Order 
in Docket 19528, is T-Bar Inc, 141 
Danbury Rd, Wilton, cr 06897, man- 
ufacturer of online switching and con- 
trol equipment for data communica- 
tions applications. Included in the 
certification are the company’s 5700 
series analog switches which allow 
users to switch to backun circuits or 
to substitute alternate pieces of data 
communications equipment as faults 
occur or as tasks change. 


Expansion Planned for 
Satellite Communications 
Data Network 


A third earth station, located at Salt 
Lake City, Utah, will be added to its 
satellite communications network by 
Sperry Univac, po Box 500, Blue Bell, 
PA 19422, in order to allow a more 
effective evaluation of network param- 
eters. At the present time two earth 
stations, one at Blue Bell and the 
other at Roseville, Minn are being 
used for 2-way data communications 
via satellite. This is said to be the 
first such commercially licensed link 
using all-digital two-way transmission 
in C band (3.9 to 6.2 GHz with 5-m 
dia antennas. 

Many areas of the company’s de- 
velopment and manufacturing opera- 
tions avail themselves of these data 
communications links. Large-scale 
1100 series systems in Roseville and 
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56k BITS/s 
TELCON TRUNK 
BITS /s (UDLC) 
EARTH STATION 


9.0k 
BITS/s 


56k 
BITS/s 


NON-TELCON APPLICATIONS 
@ TECH TV CONFERENCING 
@ HIGH SPEED FACSIMILE 

@ BATCH PROCESSING 


UTS 700 
BATCH 


TERMINALS 


UNISCOPE ON _ SITE 
TERMINAL CLUSTERS UNISCOPE CLUSTERS 


96k 
BITS/s 


TELCON 


Typical configuration at Sperry Univac Blue Bell Development Center using 
satellite network. Cost of satellite communications facility is comparable 
to that of high quality terrestrial lines of equivalent bandwidth 


series 90 computers in Blue Bell, using 
the network, provide processing power 
for various development groups, who 
access the large computers via com- 
puter terminals, minicomputers, and 
the smaller 90/25 and 90/30 systems. 
Such projects as hardware design, de- 
velopment of software and applica- 
tions programs, and exchange of man- 
ufacturing and financial information 
are implemented over the intersite 
link. Salt Lake City applications will 
include development of communica- 
tions subsystems and computer termi- 


nals. Sperry’s TELCON networking sys- 
tem will be used for these communi- 
cations activities. 

The additional earth station will be 
installed and operated by American 
Satellite Corp (asc), 20300 Century 
Blvd, Germantown, Mp 20767. asc, 
using Sperry Univac specifications, 
designed, installed, and operates the 
present link which joins the large 
computer complexes at both sites via 
its spx (satellite data exchange) ser- 
vices, using WESTAR, Western Union’s 
domestic satellite. 


Software System 
Developed for European 
Data Net Design 


The development of a European ver- 
sion of its MIND (Modular Interactive 
Network Designer) system, called 
EMIND, has been announced by Net- 
work Analysis Corp (Nac), 130 
Steamboat Rd, Great Neck, ny 11024. 
The new version includes a_ tariff 
module which reflects British and 
European private line costs and re- 
straints, enabling users to obtain least- 
cost layouts for centralized data net- 
works in Great Britain and on the 
European continent. The basic MIND 


version computes cost for v.s. net- 
works based on AT&T’s MPL (multi- 
schedule private line) tariff. Access 
to both versions is offered on a time- 
shared basis under a license arrange- 
ment. 

EMIND is being marketed in Europe 
and Great Britain by PACTEL, a Lon- 
don based computer and telecommu- 
nications consulting organization. Un- 
der the terms of a recently announced 
agreement, NAC and PACTEL have 
combined to offer clients: worldwide 
capabilities in design, analysis, testing, 
and implementation of computer and 
telecommunications networks. Oo 
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Two new ways to add 


256K bytes to your PDP-II 


_ iis 
When it’s available, DEC®’s MS11-L® will allow 
you to add 256K bytes of MOS memory to your 


PDP-11 systems with a single plug-in module. 


It improves system density and performance 
while lowering system power consumption and 
costs. 

Great idea, DEC. 


@Registered trademark of Digital Equipment Corporation 


The right way 


Plessey’s PM-S11E does all that and more. 

Our S11E consists of 256K bytes of high- 
speed, state-of-the-art MOS memory for the 
PDP-11, the first with ECC. Multiple bit errors 
are detected and single bit errors (dominant 
with MOS devices) are corrected, for maximum 
data integrity anda substantially higher MTBF. 

The Plessey $11E is fully PDP-11 hard- 
ware and software compatible, may be used 
with parity and non-parity operating systems 
and presents only one bus load to the Unibus® 

And maybe best of all, we’re shipping 
now for $6,995 (unit quantity). 

Providing mini users what they need 
when they need it at a price they can live with 
has made us the largest independent supplier 
of DEC-compatible peripherals. Our product 
line presently includes add-in/add-on core and 
semiconductor memories, cartridge disc sys- 
tems, floppy disc systems, mag tape systems, 
complete computer-based systems, and a wide 
variety of backplanes, expansion chassis and 
other accessories. 

We're the only real alternative to DEC, a 
complete single source. For all the details, 
please contact the nearest Plessey sales office 
today. 


© Plessey Peripheral Systems 


17466 Daimler, Irvine, California 92714, (714) 540-9945 
The only real alternative. 
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The Bantam. _ 
The cocky new $599 CRT 
that just changed 

the pecking order. 


i | T 


High operator 
throughput, low 
operator fatigue 


Backspace key 


Repeat key 


i> =: , A | |e 
Hazel- Hazel- Adds 
P-E LSI tine tine Regent 

User Need Feature BANTAM | ADM-3A 1400 1500 100 
7 x 10 matrix for 
highly legible Yes No No Yes No 
characters 
Black on white or 
white on black Yes No No Yes Yes 
display 

Easy to read display Display set deep in . 

hood to reduce glare = 
Full 24 x 80 display Yes 
Full upper and lower 
case Yes 
Non-glare screen Option Yes No Yes Yes 
Tab stops/tab key Yes Yes 


Yes 


Shiftlock key 


Separate print key 


Convenient switching 
Local/on-line 


International 
Character sets 


Local— remote key 


French/German/ 
Swedish/Danish/ 
British/Spanish 


Option 


Option Option 


Option 


Option 


High speed numeric Integrated numeric pad Yes Option Yes 
Convenient system RS-232/CCITT-V24 Yes Yes 
Bisa Current loop Option Yes Yes 
a: She rangs Transparent mode 
eet st ou ram and displayable Yes No 
control characters 
iT 
Faster maintenance Self-test Yes No 
15Wx 15.5Wx 15.5Wx 15.5Wx 
Minimum desk space Small size 19Dx 20.2Dx 20.5Dx 20.5Dx 
14H 13.5H 13.5H 13.5H 
Printer port Printer port Option Yes No Yes 
Less 
than 
Cost effectiveness Qty. 100 OEM price $599} $740 $550 in $860 
quantity 
1000 


*In quantities of 100. 
+Qty. 1, End User Price $966. 
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Nobody ever offered you a tough, 


high quality, compact CRT like the 
BANTAM before. At $599 or any 
price. Designed for hectic office 
environments. And, human engi- 
neered to make an operator’s life 
easier. 

You get everything you need for 
cleaner input and faster through- 
put. An upper and lower case char- 
acter set displayed on a sharp 7 x 
10 dot matrix. A full 24-line by 80- 
character screen. A complete, 
sure-touch keyboard with shadow 
numeric pad. 

You get complete tabbing. Full 
cursor addressing. Repeat, back- 
space and shiftlock keys. A trans- 
parent mode with displayable 
control characters to simplify host 
program debugging. And, a self- 
test mode for easy maintainability. 


A switchable white-on-black or 
black-on-white display, which- 
ever your operator prefers. An 
easy-to-find cursor that frames 
the entire character position in a 
transparent, inverted video block. 

Plus plenty of options you can’t 
get with CRTs costing much more. 
Like our low-cost Pussycat page 
printer. A full range of foreign lan- 
guage character sets. We even 
have a model you can switch from 
ASCII to full overstrike APL. 

But that’s not all. The BANTAM’s 
compact good looks fit any decor. 
It's handsome enough for execu- 
tive row and rugged enough for the 
stockroom. Silent? The BANTAM’s 
fan-free design makes it quieter 
than an electric typewriter. And, the 
BANTAM only weighs 28 pounds. 

Only an industry leader like 
Perkin-Elmer could do it. We 
designed a powerful, custom LS! 
controller chip that makes the 
BANTAM the one and only high 


_ quality CRT in its class. 


But see for yourself. Use the 


ue _ comparison chart. Learn why 


1, tae 


e're SO proud to add this $599 
he 250.000 peripherals that 
name. 


And, remember our terminals 
come equipped with a No Hassle, 
800 toll-free service phone number. 


One call does it all. We give 
you service where you need it, 
when you need it. We're there. 
Not just ‘‘worldwide,’’ but wher- 
ever you are. 

For more information call or 
write Perkin-Elmer Terminals 
Division, Randolph Park West, 
Route 10 & Emery Avenue, 
Randolph, N.J. 07801 (201) 
366-5550. Or contact any of 
our sales offices. Then watch 
the feathers fly. 


The Bantams 
available at all these places 


PERKIN-ELMER SALES OFFICES 

Santa Clara, CA (408) 249-5540. 

Tustin, CA (714) 544-9093. 

Atlanta, GA (404) 393-8440. 

Arlington Heights, IL (312) 
437-3547. 

Waltham, MA (617) 890-1305. 

Oceanport, NJ (201) 229-4471. 

McLean, VA (703) 827-5900. 

Singapore, Republic of 
Singapore 2200949 

Sydney (North Ryde), Australia 
887-1000. 

Toronto (Mississauga), Canada 

(416) 677-8990. 


= Slough, England 753-34511. 


) Paris, France 664-1858. 

nich, Germany 089-753081. 
schiphol-Oost, 

re Netherlands 020-458-269. 


‘RKIN-ELMER 
*VICE CENTERS 
indolph, NJ; Oceanport, 
\ est Long Branch, NJ; 
aster, NY; Boston, MA; 
ord, r.: Philadelphia, 
aie PA; 
_ Was ington, DC; Atlanta, 
"GA: Orlando, FL; Cleveland, 
OH; Dayton, OH; Englewood 
Cliffs, NJ; Detroit, MI; 
Chicago, IL; Minneapolis, 
MN; Kansas City, KS; Tulsa, 
OK; Dallas, TX; Houston, TX; 
Denver, CO; Phoenix, AZ; 
Seattle, WA; San Francisco, 
CA; Los Angeles, CA; 
Orange County, CA; San 
Diego, CA. 


PERKIN-ELMER 
Data Systems 


em hasiaansbsoom 


EEEEEREE: 


OUR MODEL 43 TELEPRINTER FAMILY 


IS THE BEGINNING OF A NEW LEGEND. 


When we introduced it just a year ago, 
the basic idea behind the Teletype* model 43 
proved so sound and flexible that today it’s grown 
into a comprehensive terminal family with exten- 
sive capabilities for message communications. 

Model 43’s come in a variety of configu- 
rations with either 80 column friction-feed or 132 
column pin-feed printers. Some units are designed 
for use on the switched network, others for point- 
to-point private-line systems. (There’s also a new 
eget of 5-level buffered teleprinters for 

elex applications. ) 

The basic model 43 series operates 
on-line at 10 or 30 cps in either the half- or 
full-duplex mode and prints multiple copies using 
the 96 character ASCII code set. K wide choice 
of interfaces, including EIA RS232C and DC 20 
60ma, are available for easy system integration. 

With the automatic send-receive con- 
figuration, messages can be prepared off-line via 
the paper tape punch, edited, combined with 


a master tape, then sent at maximum terminal 
speed —automatically and unattended— when line 
rates are lowest. 

Buffered 43’s operate on-line at speeds 
ranging from 10 to 180 cps and provide up to 
30,000 characters of storage for sending, receiving 
and editing. These terminals send and receive 
automatically via the buffer while messages are 
simultaneously being prepared for future trans- 
mission. They also include full forms control, 
the automatic answer capability and answer 
back. 

Just like its predecessor, the legendary 
model 33, our model 43 family is designed for 
extreme reliability. The reason is simple: 
simplicity. Our model 43’s use only five major 
pluggable components (six, counting the paper 
tape module on the ASR), along with extensive 
use of LSI circuitry. 

So when you think of our model 43 family, 

think of it as the beginning of a new legend. 


THE TELETYPE MODEL 43 FAMILY. 


Peletype Corporation 


555 Touhy Aventie, Dept 


S185, Skokie, HE 60076. Tel (312) 982 2000 


‘Teletype is a trademark and service mark of the Teletype Corporation 
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DIGITAL TECHNOLOGY REVIEW 


Computer Systems Use SOS Technology 
To Offer Performance in Compact Unit 


To fill in the midrange of its business 
computer family, Hewlett-Packard 
Co, 1507 Page Mill Rd, Palo Alto, ca 
94304 has introduced two computer 
systems based on proprietary sos LsI 
semiconductor technology. The sos 
chips result in high performance com- 
puters of smaller size, lower cost, and 
lower power requirements than com- 
parable computers using traditional 
technologies. The up 300, a general 
purpose business computer that takes 
no more space than a free standing 
data terminal and can support 16 ter- 
minals in transaction processing, uses 
nine microprocessor chips—three for 
1/o, three for cpu, and three for ran- 
dom logic. In the up 3000 series 33, 
an Lst version of the HP 3000 line 
uses a 3-chip sos/cmMos cpu in place 
of nine boards in the series m. Of- 
fering five programming languages, 
data base management system, and 
remote diagnostic capability, it ex- 
pands to 1M bytes of main memory 
and 960M bytes of disc storage and 
supports up to 32 terminals. 

Capable of expanding to 1M bytes 
of error correcting memory within the 
basic terminal-sized enclosure, the HP 
300 has few of the arbitrary restric- 
tions normally associated with com- 
puters in its price class. Including 
either Business BAsIC or RPG-II lan- 
guage, the system is based on the 
Amigo/300 virtual memory operating 
system, which, in conjunction with 
the intelligent integrated display sys- 
tem (ps), greatly simplifies develop- 
ment and control of dedicated online 
business applications. The Amigo sys- 
tem permits the system to perform 
background jobs while higher priority 
tasks are occurring from application 


Occupying no more space than data 
terminal, Hewlett-Packard’s SOS LSI 
based HP 300 Business Computer Sys- 
tem supports 16 terminals and operates 
as multiprogramming, multitasking sys- 
tem managing both background and 
foreground jobs 


terminals, ws schedules, monitors, and 
controls these concurrent activities 
and simplifies the process of program 
development and testing. 

Packing up to 1M bytes of main 
memory and a 1M-byte flexible disc 
drive in a desk sized unit, the Hp 3000 
series 33 runs the MPE-I1 multipro- 
gramming executive operating system 
of the larger Series m and mt systems. 
Online transaction processing appli- 
cations are served through MPE-UI 
features that include virtual memory, 
multiprogramming, and multilevel se- 
curity. The spzi/3000 systems pro- 
gramming language, and COBOL, RPG, 
FORTRAN, and BAsIc applications pro- 
gramming languages are supported. 

Data base management is provided 
by mmaceE/3000 with its QuERY sub- 
system; kKsAM/3000, an optional ac- 
cess method, provides keyed sequen- 


Supporting five programming lan- 
guages, data base management, and 
data entry software, the HP 3000 
Series 33 uses SOS LSI technology 
to achieve compactness and freedom 
-from site constraints, and to reduce 
power requirements and offer diag- 
nostic self-test 


tial access to fields having 1 primary 
and up to 15 alternate keys per data 
record. Designed to provide both 
standalone source data entry capabil- 
ity and a frontend to online transac- 
tion processing systems, view/3000 
allows users to create custom business 
forms on a CRT terminal. 

Incorporated into the system con- 
sole is a diagnostic microcomputer 
that gives users the ability to check 
for correct operation using a data 
cartridge that plugs into the console. 
In addition, it is possible via modem 
to pass complete interactive control of 
all console capabilities to a remote 
location. 

With a u.s. list price of $36,500, a 
basic Hp 300 includes one language, 
256k bytes of error correcting main 
memory, 12M-byte fixed disc, 1M- 
byte flexible disc drive, and integrated 
display. Optional peripherals include 
HP 2640 and 2621 crt terminals, 2631 
180-char/s dot matrix serial printer, 
and two removable pack disc drives, 
including 20M-byte 7906, 50M-byte 
7920, or 120M-byte 7925. 

A basic configuration series 33 in- 
cludes cpu, 256k-byte fault correct- 
ing main memory, 1M-byte flexible 
disc drive, 20M-byte fixed system 
disc, system/maintenance console, and 
desk enclosure. List price is $70,000 
and deliveries are scheduled to begin 
in January. Terminal ovtions include 
the Hp 2621 or 2640 series; both 50M- 
byte 7920 and 120M-bvte 7925 mov- 
ing head discs are supported. 

Plans for the future include data 
communications facilities for HP dis- 
tributed systems networking on the 
300; for the Series 33, future capa- 
bilities will include advanced synchro- 
nous data communications such as 
networking, remote job entry, and 
multipoint terminal support. 
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Computer On A Board 
Offers Low Cost Power 
For Realtime Applications 


A 16-bit parallel processor, offered as 
a board level unit or fully integrated 
system, the cLassic 7810 adapts the 
power and flexibility of other family 
members to use in lower levels of 
measurement, control, scientific, and 
information processing applications. 
Areas pinpointed by Modular Com- 
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| DIGITAL TECHNOLOGY REVIEW 


DATA PATH 
CONTROL PATH 


Basic organization of Modular Computer’s CLASSIC 7810. All major system elements are 
connected to the modular data bus structure, 16-bit parallel path used for all data transfers 
within computer. Data transfers and processing are controlled by execution of microinstruc- 
tions stored in ROM control memory 


puter Systems, Inc, 1650 W McNab 
Rd, Fort Lauderdale, ri 33309 as 
now cost-justifiable include use as a 
standalone system CPU, as a node in 
a distributed network, or as dis- 
tributed intelligence within measure- 
ment and control systems based on 
the MOoDACS UI process input/output 
system. 

Available with 64k, 96k, or 128k 
bytes of solid-state memory, the 7810 
has a full Mopcomp 1m instruction set 
as well as 15 general purpose regis- 
ters and system protect features. It 
is fully compatible with mMopcomr 1 
and with the company’s other com- 
puters. It uses MAX 1 and m1 operat- 
ing systems as well as their MAXNET 
extensions. 

Effective memory cycle time is 600 
ns with error checking. All memory 
is directly addressable in any of seven 
addressing modes. 

The system’s 15 16-bit general reg- 
isters enable handling of high speed 
computations as well as communica- 
tion and control applications. In many 
problems all operands can be held in 
the registers and operated on by the 
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register to register instruction set. Exe- 
cution time for a typical register to 
register instruction is 900 ns. A six- 
teenth addressable register is provided 
for direct operator communication 
with the program. 

The processor’s input/output sys- 
tem has 63 peripheral device ad- 
dresses and synchronizes transfers 
with interrupts. A direct memory 
processor consisting of four automatic 
multiplexed transfer channels enables 
up to eight blocks of words to be 
transferred between memory and pe- 
ripheral devices. Automatic data 
chaining capability is also provided. 

Sixteen interrupt levels can be se- 
lectively enabled and disabled under 
program control. Request signal for all 
levels can be program generated to 
serve as a debugging aid and to re- 
duce overhead in monitor operations. 
The priority queue can be program 
manipulated by deferring interrupt 
processing to the low priority end of 
the queue. 

An optional control panel allows 
data entry and display, program fill, 
master clear, console keylock, and 


console interrupt functions. A battery 
backup option serves to maintain Mos 
memory refresh on power loss. 

Three versions of the processor are 
available: two are board-only, the 
other is a fully packaged system in- 
cluding 4-slot chassis and power sys- 
tem. A board level processor with 
64k-bytes memory is priced at $3250 
(single quantity). A fully packaged 
system with remote fill capability has 
a tag of $7500. Deliveries are sched- 
uled for second quarter 1979. 
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Data System Additions 
Aimed at Needs of 
Distributed Processing 


An entry level machine and expanded 
memory models on the top of the line 
have been announced by Data Gen- 
eral Corp, Westboro, MA 01581 to 
offer Eclipse Data System users the 
economies of a single vendor approach 
to distributed data processing. The 
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Which CRT family 
now includes a simple, 
character-mode terminal with 
bright, high-resolution display, two full 
pages of continuously scrolling memory, 
familiar typewriter-like keyboard with 
embedded numeric keypad, comprehensive 
character and line editing, eight 
preprogrammed function keys, 
self-test and optional built-in 
120 cps hard copy? 


We took a long, hard look at how you use a simple 

_ CRT terminal. We applied 10 years of experience producing 
_ sophisticated, high-performance computer products, so the 

- newest member of HP’s terminal family is engineered from 
~ just one point of view: yours. 

If you used a CRT all day, you'd demand the brightest, 

t display made. So we didn’t take any shortcuts on the 
2621's display. It's the same display with enhanced 9X15 
character cell you see on every HP CRT terminal, even our 
top-of-the-line models. 

Interactive sessions go faster if you can look back at 
what you've already done. So we designed two full pages (48 
80-character lines) of continuously scrolling memory into 
the 2621. 

Recognize the 2621’s keyboard? It’s a lot like the famil- 
iar typewriter almost everyone's used to. Which makes the 
2621 easier to learn, faster to use. And to accelerate keying in 
numbers, we put the numeric keypad right in the middle of 
the keyboard. 

Then we increased the capability of the 2621's simple 
keyboard with eight special keys. In regular use, they control 
the cursor, rolling and scrolling. But they're also labelled on the 
screen with preprogrammed functions which, with a touch of 
the shift key, control self-testing, terminal configuration, dis- 
play functions and editing. 

Editing? On a simple CRT? Sure, because editing 
gets more work done faster. The 2621's comprehensive editing 
includes character and line insert and delete, clear line and 
clear display. What's more, the 2621 keeps your input separate 
from your CPUs so you can edit data before sending it to your 
CPU. And all without rewriting a line of your system's software. 

And the 2621 is Bell 103A compatible and communi- 
cates with your CPU at 110 to 9600 baud through an RS232C 
interface. Which makes interfacing a snap. 

That's the 2621A. 

But we've gone a step further. How many times have 
you wanted just to hit a key and get hard copy of your CRT 
display without making a big project out of it? Now you can 
with the 2621P. Its built-in 120 cps thermal printer zips out a 


0 I'd like to know more about HP’s new 2621A and 2621P with 
built-in hard copy. 


O I'd like to see HP’s new 2621A and 2621P with built-in 
hard copy. 


0) I'd like to know more about HP’s complete family of terminals. 


Name 
Title 
Company 
Address 
Phone 
Mail to Hewlett-Packard, Attn: Ed Hayes, 


Marketing Manager, Data Terminals Division, Dept. 1239 
19400 Homestead Road, Cupertino CA 95014. 


page of hard copy in seconds. With a single keystroke. 

And here's more good news: the 2621A costs only 
$1450; the 2621P with built-in hard copy costs only $2550, 

Surprised by all these features in a simple, inexpen- 
sive, character-mode CRT? We don't think simple has to mean 
unsophisticated. To prove it, we're turning HP’s advanced 
technology and 40 years of manufacturing experience into 
products you need. 

Like the 2621: the simple CRT you'd expect from 
Hewlett-Packard. 


Try this on your favorite CRT: With the 2621P you just hit 
a key and walk away in seconds with hard copy of your CRT 
display. The built-in thermal printer prints upper and lower case 
at up to 120 cps. 


The 2621's bright, high-resolution CRT displays the full 
128-character ASCII character set, including upper and lower 
case, control codes, and character-by-character underline, in 24 
80-character lines. 


Eight screen-labeled preprogrammed function keys mag- 
nify the power of the 2621's keyboard. Preprogrammed func- 
tions include editing, terminal configuration, printer control 
and self-test. 


To make numeric data entry faster and easier, we put 
the 2621's numeric keypad right in the middle of the keyboard, 
instead of at one side. 


The 2621's familiar 68-key keyboard is almost as easy to 
use as a typewriter. 
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from low cost imaging and graphics 
to full color image processing 


Our modular, solid state systems 
can meet your computer display 
requirement, easily and econom- 
ically. 

And, they’re intelligent. Every 
system has a complete alphanu- 
merics and graphics package, and 
a powerful instruction set that sim- 
plifies programming—no need for 
complex macro-instructions and 


high order programming languages. 


There’s also a choice of standard 
resolutions: 256 x 256, 256 x 512, 
512 x 512 (30 Hz or 60 Hz refresh) 
and 1024 x 1024. Plus plug com- 
patible interfaces for most minis. 

Options include overlays, func- 
tion memories, pseudo-color tables, 
zoom and pan, independent cur- 
sors with trackball and joystick 
controls, split-screen, image tog- 
gling, and real time digitizers that 
grab and store images and sum 
consecutive frames. 


Grinnell displays are already 
used for tomography, ERTS imag- 
ing, process control, image pro- 
cessing, animation and much more. 
All systems drive standard TV 
monitors. 

So before you choose a display 
system, let our experts show you 
how to maximize performance and 
minimize cost. For details, and/or 
a quote, call or write. 


2986 Scott Boulevard, Santa Clara, California 95050 (408) 988-2100 
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entry level Eclipse C/150 will allow 
organizations to cost-justify  distri- 
buted processing in an increasing 
number of applications, and expanded 
memory on Eclipse M/600 machines 
will allow users to continue on up the 
line in online multifunction environ- 
ments. 

Designed for use either as a stand- 
alone computer or as part of a distrib- 
uted data processing network, the 
C/150 is capable of using all major 
commercial computer languages and is 
compatible with larger systems in the 
line. The unit’s cpu offers up to 256k 
bytes of Mos/ERCC or core main mem- 
ory. Packed 256k bytes to a single 
board, Mos memory has a 700-ns 
maximum cycle time. Error checking 
and correction are standard. System 
throughput is maximized with an ex- 
tended hardware stack and high speed 
interrupt handling. 

Systems are controlled by the real- 
time disc operating system (Rpos), 
a compact operating system optimized 
for multiterminal applications where 
rapid terminal response is required 
and capable of supporting a limited 
amount of concurrent activity includ- 
ing program development, batch pro- 
cessing, or communications. Interac- 
tive data entry/access (DEA) software 
provides a development and runtime 
system for multiterminal data entry 
and_ inquiry/response _ application. 


Programmable Desktop 
Computers Incorporate 
Plotting Printer and Disc 


Capable of performing fast, accurate 
information processing, Ax-1 and Bx-1 
store data on minifloppy discs, pro- 
vide a 16-digit alphanumeric display, 


Canon’s AX-1 


incorporates a_ built-in 
minifloppy disc for use in conjunction 
with RAM, thermal plotting printer, and 
alphanumeric display. Up to 45 pro- 
grams can be searched for, loaded, and 
executed using a single key on the key- 
board 


Data storage is managed by INnFos, a 
database oriented file management 
system. IDEA, COBOL, and RPG II are 
fully integrated with 1nros to allow 
access and update of files in both 
interactive and batch applications. 
RJE8O and HASP I communication 
software packages facilitate data 
transmission between other C/150 
systems, IBM systems, and the com- 
pany’s other systems. 

Extending the family upward, 
M/600 models incorporate two times 
the main memory of previous models 
(Computer Design, Mar 1978, pp 34, 
38). This greater capacity serves to 
expand the performance range of the 
machines. Representative systems 
would include 1M bytes of memory, 
4M bytes of fixed head disc, syn- 
chronous communications, and 32 
terminals. 

A typical small C/150 configuration 
would consist of processor with 128k- 
byte memory, 10M-byte cartridge 
disc, magnetic tape drive, and ter- 
minal printer. A large system micht 
comprise 256k-byte memory, 190M- 
byte disc subsystem, magnetic tape 
drive, 16-line asynchronous _ line 
multiplexer, 2 crr consoles and 12 
displays, and 600-line/min printer. Ap- 
proximate prices are $54,000 and 
$144,000, respectively. Deliveries are 
scheduled for January 1979. 
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and print on 8.5” (21.6-cm) wide 
paper. The programmable desktop 
computers, developed by Canon, Inc, 
Tokyo and announced by Canon usa, 
Inc, Systems Div, 10 Nevada Dr, 
Lake Success, ny 11042, connect with 
additional optional peripheral devices 
through rs-232 (V.24) interface units 
and 1/o controller. 

Operating in the —10% to 10% 
range on 13-digit mantissa and 2-digit 
exponent, the units perform +, —, x, 
+, a¥, \/, log, and e* operations and 
follow the algebraic operation system. 
Programming is done in Canon (Ax) 
or Canon Extended Basic (Bx) lan- 
guage. The ax provides 20k-bytes 
ROM and lk-byte RAM svstem memory 
area and a max of 16k-bytes of user 
accessible space. BX memory consists 
of 24k-byte rom and lk-byte RAM 
system area and a max of 16k-bytes 
of user memory. 

The minifloopy drive, X-7309, has 
capacity for 71.7k bytes of data; 65.5k 
bytes are accessible to the user. The 
drive transfers at 125k bits/s. Print- 


ing at 40 char/s, the integral thermal 
printer is capable of full or half pitch 
printing on 24-, 48-, or 80-digit wide 
lines. The 16-digit fluorescent tube 
panel displays numerals, upper and 
lower case letters, and symbols. Mes- 
sages prompt the operator through 
the calculating sequence. On entry of 
erroneous data, the panel will display 
a specific error classification message 
to inform the operator of the error. 
Among the Basic functions pro- 
vided by the Bx-2 are record, load, 
call, link, flag, and half and full state- 
ments. Up to 10 levels of program 
subroutine nesting is possible, as well 
as up to 10 levels of FoR TO NEXT 
statements. 
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Network Operating System 
Dynamically Routes 
Message By Best Path 


The Guardian/Expand network system 
combined with the architecture of the 
NonStop Tandem/16 computer sys- 
tem serves to eliminate the computer 
as a source of network failures, Tan- 
dem Computers Inc, 19333 Vallco 
Pkwy, Cupertino, ca 95014 designed 
the system to allow users to access 
resources of any node regardless of 
its location, with the system auto- 
matically routing messages via the 
best path. 

Designed for online terminal/trans- 
action data base oriented operation, 
the Tandem/16 provides a multiple 
processor system tolerant of any single 
component failure. Although all re- 
sources in the system function as in- 
dependent parallel resources, system 
components automatically assume 
workload of a failed component, while 
the user remains unaware of the fail- 
ure. 

Guardian, the system’s general pur- 
pose multiprocessor operating system 
resides in each processor in a system 
but is aware of all other processors. 
Based on the concept of processes 
sending messages to other processes, 
the operating system considers all re- 
sources in the system to be files, and 
each to have a logical file name. Ap- 
plication programs deal only with 
file names, providing total geographic 
independence of resources, and re- 
quiring no reprogramming when hard- 
ware resources change. 

The Expand network system ex- 
tends the Guardian message system, 
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USING 

OUR 

CARTRIDGE 
IVE FOR 


DR 
WINGHESTER 
DISK 
BAGKUP 

IS BETTER 
THAN 
PLAYING 
DISK 


JOCKEY. 


If your mini-computer customer looks 

like a disk jockey, maybe it’s time 

you gave some thought to 

our cartridge tape drive 
for Winchester disk 
backup. 

Our increased capa- 
bility 4" cartridge tape 
drive does the work of 

an arm load of floppies. 


The Funnel™ as we call 
our 6400 BPI High Density 
+ Cartridge Tape Drive, fea- 
y¥ tures four-track serial recording 
and boasts a transfer rate of 192 
kilobits per second. 

And with its ability to store up to 17.28 
Megabytes on a single cartridge, 
it has about 17 times the capacity 
of the latest double density, double 
sided floppy. 

When you add to all that the Fun- 
nel’s high quality design and relia- 
bility, you can see why it’s quickly 
becoming the preferred choice of 
mini-computer designers and users. 
In fact, we've delivered over 2,000 
units for disk backup. 

But our cartridge drive does more 
than just get your customer out of 
the D. J. doldrums. It can also offer 
significant savings even if your sys- 
tem presently uses just two floppies 
for fixed disk backup. Because with 
its increased capability, the Funnel 
lowers your storage cost to just a 
penny per kilobit. 

So stop asking your customers to 
play disk jockey and start calling 
DEI for OEM quotations. We think 
what we have to say will be music to 
your ears. 

Call (213) 351-8991, or write The 
Funnel, Data Electronics, Inc., 370 
North Halstead St., Pasadena, Ca. 
91107. Telex 67-5327. 
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ounsown 


Message system in Tandem’s Guardian/Expand network 
operating system is software analog of hardware bus, 
handling automatic path retries in case of path errors. 
Communication between process (denoted by circles) 
and other resource is via file system, which passes 
message to message system. Message system in turn 


determines recipient’s physical 
message there by best path 


allowing up to 255 separate com- 
puters to be linked together. Major 
components of the network system are 
end to end protocol, network control 
process, network line handler, network 
routing table, and network utilities. 

Based on exchange of packets over 
a communications path, the end to 
end protocol insures integrity of mes- 
sages regardless of the number of 
intervening nodes and resources util- 
ized in the transmission. Support is 
provided for communications paths on 
either a full-duplex telephone line or 
a virtual circuit through an X.25 net- 
work, 

Maintaining the routing table, log- 
ging network changes, and _ servic- 
ing some requests from remote nodes, 
the network control process also han- 
dles requests for remote resources. 


location and routes 


Line handlers establish and maintain 
the communications path between two 
physically connected nodes. They can 
also create a logical connection be- 
tween non-neighboring nodes by for- 
warding messages. 

Utility programs aid the user in 
monitoring network status and in trac- 
ing problems. A tracing facility creates 
a trace file that tracks events occur- 
ring with a specific line handler; these 
data are formatted for report genera- 
tion. Statistics for a given line handler 
are reported by protocol level, includ- 
ing counts of frames sent and received 
by type, and number of requests ini- 
tiated or processed. Utilities can be 
run from any terminal in the network, 
and their output directed to any ter- 
minal or other output device. 
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Distributed Processing 
System Elements Include 
Processor Using 64k RAM 


Compact computers featuring distri- 
buted processing and easy to use con- 
trol programming, the 8100 Informa- 
tion System family initially consists 
of two processor models plus associ- 


42 


ated display stations, printers, and 
storage devices. Versatility and cost/ 
performance benefits are provided by 
use of high density storage compo- 
nents—64k- and 18k-bit memory chips. 
Made using an n-channel metal gate 
FET process that enhances gate re- 
liability using silicon nitride and con- 
trols surface leakage with a conductive 


field shield, the monolithic RAM array 
chips take advantage of dynamic 
l-device cell arrays and the FET 
process to provide greatly improved 
density at low cost. 

Combining with each other and 
with other systems and terminals, ele- 
ments of the 8100 family, introduced 
by International Business Machines 
Corp, Data Processing Div, 1133 
Westchester Ave, White Plains, ny 
10604, include a choice of 8130 or 
8140 processor, 8010 storage and com- 
munication unit, 8775 display ter- 
minal, and 8809 reel to reel magnetic 
tape unit. With an internal operating 
speed of 1.5 ys, the 8130 has from 
256k to 512k bytes of main memory; 
the 8140 operates at 800 ns. Both 
have 1M bytes of removable flexible 
disc storage and 64M bytes of main 
storage provided by built in high 
speed disc memory. 

An 8101 storage and communica- 
tion unit can increase data storage 
capacity to 320M bytes on high 
speed disc. Four of these units can 
be used with the 8140 (two with 
the 8130) to accommodate display, 
printer, and magnetic tape units. Data 
terminals and processing systems can 
be attached using available communi- 
cations adapters. 

A system might initially be used 
as a standalone computer, then later 
linked to a host System/370 in a co- 
operative network processing plan. 
Programs for the systems include a 
series of step by step programming in- 
structions in English that will enable 
users to develop their own application 
programs, and control functions to ac- 
commodate multiple users. Addition- 
ally, common business and scientific 
languages can be used as well as soft- 
ware that allows operators at a 
central /370 site to program, test, and 
run remote 8100 processors. 

High level functions are provided 
the systems by the distributed pro- 
cessing programming execution 
(pppex) which permits multiple users 
to process transactions concurrently 
and enables operation as an indepen- 
dent or satellite distributed process- 
ing system, and distributed processing 
control executive (ppcx) which can 
handle up to 31 operations simulta- 
neously, ppPx works with the data 
base and transaction management sys- 
tem, host command facility with 3270 
data stream compatibility, develop- 
ment management system, and distri- 
buted presentation features. In addi- 
tion, it can be programmed to respond 
to specific batch processing situations 
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A low-cost DC/DC Converter is 
something worthy of protection 


ETATECH. THE PRICE AND 
QUALITY LEADER IN DC/DC 


CONVERTERS. 


Etatech has a complete line of single and multiple 
output units, ranging in input voltage from 12 to 
125VDC, output voltage from 5 to 48VDC and output 
power from 40 to 126 watts. Our exclusive 
“Univerter™ design lowers parts counts so 
drastically (71 parts, Model B5D10) that our 
medium power density “B” and “D” series units 
are offered at the lowest prices available 
anywhere. As indicated in the table below, 


MODEL NO. VOLTS (VDC) _ 


OASD10 
B12E5 
D5H20 


A 5 Year Warranty is standard on all Etatech products. 


Etatech is your answer for low price and reliable 
performance in modular and open frame 
DC/DC converters. 

For complete specifications and prices on 71 
other modular DC/DC converter models, plus 
information on Etatech’s new open frame line, 
circle the reader service number and receive our 
new 28-page catalog. Or, for more immediate 
action, give us a Call. Incidentally, Etatech’s 
variety of AC input units are priced below the 
competition too. 


ETATECH, INC. 
187-M W. Orangethorpe Ave. 
Placentia, CA 92670. (714) 996-0981 
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Computer Terminals 


We make it our business to know your business. We have to. Because we 
know your future depends on it. 

It’s no secret that things change fast in your business. Or that success or 
failure depends on how well you use semiconductor technology in your next 
computer terminal design. 

That’s where we come in. 
Our people speak your language. They know how to save you 
time. Andmoney. By helping you select the right ICs for your de- 
sign. Every time. 

Signetics wants to help keep you ahead in the terminal 
design game. Because if you’re not ahead, you’re not even a 
player. 

That’s why we give you more than just the right product. 

We also give you the Signetics Commitment. We don’t publish 
specs on it. And it’s not scribed on our ICs. But we do market this 
extra, personal commitment. And it’s free. 
Our professionals in IC technology and market support are 
backed by Signetics’ six integrated divisions. That means we can 
combine our total resources in both MOS and bipolar technologies 
to give you the edge in computer terminal OEM design. 
For example, our MOS Microprocessor Di- 
vision’s 2652 is the fastest multi-protocol 
communications controller in the world at 


Rudi Willers, Signetics sales engineer (left), talks terminals 
with Bo Fredricsson, Qantel’s director of R & D. 


Spoken Here. 


2Mbits/second. It’s right at home with most high-level 
protocols. 

Every computer terminal OEM looks for unique 
logic functions. With the smallest amount of random 
logic practical. And Signetics wants to make it easy 
for the designer. 

Working together, our Logic and Bipolar Memory 
Divisions have responded to the terminal OEM’s de- 
mands for speed and flexibility. 

We've gone beyond LSI to give the terminal OEM 
the 8A2000 I*L Gate Array. It’s got 2000 sacra And 
you can customize the 8A2000 to 
your proprietary needs without 
losing LSI benefits. 

In fact, all you stand to lose is 
the need to use 50 to 75 random 
logic packages by going with the 
8A2000 in your design. 

With our family of field pro- 
grammable logic, including the 
FPLA, FPGA, and ROM patch, we 
make it easy for you to out-design 
the competition. 

And more design freedom’s on 


the way. We'll soon be offering the world’s first Field 
Programmable Logic Sequencer. 

Responding to your needs, our Logic Division cre- 
ated the bipolar 8X 300 uP. Its blazing speed of 4 million 
operations/second and control-oriented architecture 
make it ideal for adding state-of-the-art peripherals 
to your terminal system. 

While our field professionals help computer ter- 
minal OEMs translate difficult design choices into the 
right ICs, other Signetics professionals are applying 
the most advanced technologies into devices to meet 
the OEM’s future demands. 

Talk to a Signetics professional. 
We've bridged the communications 
gap between terminal OEM and 
IC manufacturer. 

To learn how our leading-edge 
technologies are making innova- 
tion simpler for terminal OEM de- 
signers, write us today. 

We've got a brochure that tells 
you how you can put our advanced 
ICs to work for you. On your own 
terms. 


2652 multi-protocol communications controller 


SRQES 


a subsidiary of U.S. Philips Corporation 


Signetics Corporation 

RO. Box 9052 

811 East Arques Avenue 
Sunnyvale, California 94086 
Telephone 408/739-7700 


Beat the odds on early-life failures with PEP. 
And get the tightest AQL’s in the industry. 
From the quality leader. Texas Instruments. 


Lower your total system cost. De- 
crease field service. Decrease in- 
coming test costs. 

PEP, the Product Enhancement 
Program from Texas Instruments, 
provides off-the-shelf IC’s with en- 
hanced quality and higher reliabil- 
ity. With PEP you: 

e Reduce or eliminate incoming IC 
inspection 
e Improve yields through assembly 


e Reduce field returns and service 

PEP 8 and 4 provide 100% burn- 
in to accelerate the integrated cir- 
cuit through early operational life, 
when IC failure rates are the high- 
est, to the period where the failure 
rate typically reaches less than 
0.0005% per 1000 hrs...a typical IC 
MTBF of 23 years for a system 
containing 1000 PEP ICs. 

PEP processing is offered on 


GUARANTEED AQL % 


TEST CONDITION BIPOLAR LOGIC 


BIPOLAR MEMORY LINEA 


[ PEP 1, PEP 3] PEP 4 | PEP 1, PEP 3] PEP 4 


R 
PEP 1, PEP 3 PEP 4 


Continuity 100°C 0.015 


0.015 | 0.015 0.015 


Functional 0°C to 70°C 
OC Parametric 0°C to 70°C 


AC Parametric 25°C (Note 2) 
Fine Leak 1x 10 © Leak Rate 
Gross Leak Step C-1 
Mechanical Defects | Critical 

(Note 3) 


Notes 


| 0.40_| 


foi0 | 0.10 
Ce 


NA 0.65 
NA 0.40 


(1) For linear devices, 20.25% AQL at 25°C and 20.65% AQL at 70°C apply. 


(2) Sampled and guaranteed 


(3) Critical mechanical defects are those which affect device functionally. Major defects include problems not affecting functionality. 


© 1978 Texas Instruments Incorporated 
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TEXAS INSTRUMENTS 


INCORPORATED 


CIRCLE 25 ON INQUIRY CARD 


Linear, Bipolar Memory and Bi- 

polar Microprocessor, as well as all 

TTL families including Low Power 

Schottky (74LS), Schottky (74S), 

and Standard TTL (74)...in either 

plastic or ceramic DIP. 
The new PEP now offers in all 

popular TTL families: 

©100% high temperature func- 
tional, continuity, and para- 
metric testing 

eIndustry’s tightest AQL (0.1% 
AQL cumulative for parametric, 
functional, and continuity) 

e2% burn-in PDA on PEP 3 (Plas- 
tic) and PEP 4 (Ceramic) 

For the complete story on updated 

PEP processing, and a copy of the 

new PEP brochure, contact your 

local TI field sales office or 

authorized TI distributor. Or, 

write Texas Instru- ) 

ments’ Incorporated, |} 

P.O. Box 225012, M/S 

308, Dallas, Texas 75265. 


87504 
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DIGITAL TECHNOLOGY REVIEW 


without operator intervention as an 
aid to balancing workloads. 

For those requiring a host con- 
trolled network using systems network 
architecture, ppcx provides improved 
processing speed and access to 320M 
bytes of data. The program incorpo- 
rates functions of the 3790 communi- 
cation system including the ability to 
be tested and programmed from a 
central System/370. 

Depending on configuration and 
control program, transmission method, 
and other factors, data speeds up to 
56k bytes/s are possible between 8100 
elements and other systems. The sys- 
tem is based on Systems Network 
Architecture for orderly network 
growth. Communications adapters al- 
low bisynchronous and start-stop de- 
vices to be attached. 

Elements of the system are avail- 
ab'e for purchase, lease, or rental. 
Individual elements are priced in the 
$29,940 (8130 with 512k main mem- 
ory, 1M-byte diskette, and 64M-byte 
disc) to $46,980 (8140 with 512k- 
byte memory, 1M-byte diskette, and 
64M-byte disc) range. First shipments 
are scheduled to begin in third quar- 
ter 1979. 
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Technological Advance 
Speeds Electron Movement 
In Semiconductor Materials 


Doubling the speed at which electrons 
can move through semiconductor 
crystals at room temperature could 
both improve circuit speed and re- 
duce its power requirements. This 
fundamental advance in solid-state 
technology has been reported by sci- 
entists at Bell Telephone Labora- 
tories, Mountain Ave, Murray Hill, 
ny 07974. 

Materials that conduct electricity 
better than insulators but not as well 
as metals, semiconductors have elec- 
trical properties that can be precisely 
controlled by addition of impurities. 
Such impurities limit their conductiv- 
ity by slowing down their negatively 
charged electrons. By devising a tech- 
nique to isolate electrons from these 
impurities, scientists have enabled the 
electrons to move freely and with 
little interference. 

A semiconductor’s ability to carry 
current can be boosted by adding 
small amounts of an impurity element 


©O-— MOBILE ELECTRON 
© © siticon atom 


AlGo As 


Constructed with alternating thicknesses of GaAs and 
AlGaAs semiconductor, crystal produced by scientists at 
Bell Telephone Laboratories exhibits improved conduc- 
tivity, with electrons moving at twice their normal speed 
within the GaAs layer 


that will donate free electrons. Each 
impurity atom gives up one electron 
that moves through the semiconductor 
as current. The impurity left behind 
is positively charged, having given off 
one negative charge, and therefore at- 
tracts free electrons, slowing them 
down. 

To isolate these electrons from par- 
ent impurity atoms, a crystal growing 
process called molecular beam epi- 
taxy was used to build crystals one 
layer of atoms at a time, layering two 
semiconductor materials to form a 
single crystal. Using this process, a 
crystal of alternating thicknesses of 
gallium arsenite (GaAs) and alumi- 
num gallium arsenide (AlGaAs) was 
produced, with silicon impurities 
added only to AlGaAs layers. Since 
the two materials provide different en- 
vironments for free electrons, when 
silicon is added to AlGaAs, electrons 
migrate spontaneously to the GaAs 


layer, leaving positively charged sili- 
con behind in the AlGaAs layer. To 
further assure isolation of electrons, 
silicon was added only to the middle 
region of AlGaAs layers, thus creating 
neutral borders between free elec- 
trons and silicon. 

Once in different layers, silicon im- 
purity atoms and electrons have little 
chance to interact, leaving the elec- 
trons free to move rapidly within the 
GaAs. Speeds were found to be twice 
as great as in standard GaAs semi- 
conductors at room temperature, and 
20 times as fast at lower temperatures. 
Moreover, the technique may be used 
with any combination of semiconduc- 
tors having the same fundamental 
properties as GaAs and AlGaAs, and 
could provide a means for enhancing 
the performance of computer circuits 
and multiplying the capacity of com- 
munications systems. 

Circle 176 on Inquiry Card 
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DIGITAL TECHNOLOGY REVIEW 


FORTRAN Based Computers 
Packaged To Fill 
Price/Performance Needs 


Packaged computer systems combin- 
ing the 8/32 Megamini® computer 
with globally optimizing FoRTRAN vi 
offer price/performance that answers 
the needs of FORTRAN users with ap- 
plications in scientific research, simu- 
lation, and data acquisition. The 
Interdata Div of the Perkin-Elmer 
Corp, 2 Crescent Pl, Oceanport, Ny 
08857 states that the systems will pro- 
vide the fastest FORTRAN execution 
available and will enable users to de- 
velop application programs as fast or 
faster than other minicomputer sys- 
tems. 

The smaller FORTRAN _ system, 
priced at $89,900, includes a model 
8/32 with 512k bytes of main mem- 
ory, high speed floating point hard- 
ware, 10M-byte disc, 800-bit/in 
(315/cm) magnetic tape, Carousel 
console, dynamic multitasking operat- 
ing system, FORTRAN vil, and system 
diagnostics. With 768k bytes of mem- 
ory, 67M-byte disc, and FORTRAN en- 
hancement package with 2k writable 
control store, the larger system sells 
for $134,000. rForTRAN vit offers the 
speed necessary for immediate re- 
sponse. Programs can be compiled 
at 1500 lines/min. Automatic job con- 
trol allows programs to be compiled, 
linked, loaded, and executed with a 
single command input. 

Circle 177 on Inquiry Card 


Portable Computer System 
Can Be Configured by 
Laboratory Researchers 


Designed for use by a broad range of 
people, minc contains hardware and 
software enhancements that accom- 
modate laboratory interfacing and ap- 
plication development by researchers 
who are not computer experts. The 
compact, modular computer system, 
announced by Digital Equipment 
Corp’s Laboratory Data Products 
Group, Maynard, MA 01754, mounts 
on a scope-cart-style portable cabinet 
for easy transportation between loca- 
tions. The system’s Basic language 
operating system allows users to issue 
commands directly to mass storage 
devices without learning the operat- 
ing system. 

Standard for all configurations is 
a ppp-11/03 processor with 30k-word 
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memory capacity and extended and 
floating point instruction sets, three 
serial line channels, and 1£EE-488 
standard interface. Seven functional 
module types can be used in combi- 
nations to a maximum of eight to 
customize a laboratory system. Avail- 
able are analog-to-digital converter, 
digital-to-analog converter, digital in- 
put, digital output, multiplexer, pre- 
amplifier, and programmable clock 
modules. 

Input/output modules have from 4 
to 64 channels depending on module 
type and use. MINC connection blocks 
may be detached from the system and 
remain connected to instrumentation. 
When the system is wheeled up to the 
instruments, connector blocks can be 
plugged directly into the system mod- 
ule permitting minimum connection 
time. 

The system uses an Rx02 double 
density dual diskette unit for program 
and data storage, and the vr105 video 
graphic terminal for display. The ter- 
minal has full alphanumeric capabili- 
ties plus a graphics facility of 512 
horizontal by 190 vertical positions. 
Data can be presented graphically in 
point or histogram mode, and alpha- 
numerics are presented in upper or 
lower case, double-height, double- 
width, or both. ; 

MINC BASIC software, an extension 
of ppp-11 Basic, permits the user to 
issue commands directly to mass 
storage devices to perform func- 
tions such as transferring files between 
discs. Other commands allow user con- 
trol of data transfer through analog 
and digital interfaces. The system will 
also run RT-11 FORTRAN Iv which is 
available with a library of subroutines 
to support module options, interface, 
and terminal. 

Circle 178 on Inquiry Card 


Storage/Refresh 
Graphics Display Offers 
70% Increase in Capacity 


A 25” (63.5-cm)  storage/refresh 
graphics display, the cma 125 claims 
capacity for 70% more information 
than other available units. This capac- 
ity and the screen’s large visual angle 
enable resolution of adjacent points 
that would be indistinguishable on a 
19” (48-cm) display and increase the 
number of screen size alternatives. 
In addition, the unit, manufactured 
by Tektronix, Inc, Information Dis- 
play Group, Po Box 500, Beaverton, 


or 97077, incorporates an extension 
of the pvsr with refresh techno!ogy 
used in other members of the series. 
The storage crT achieves high density, 
high quality graphic images; addi- 
tion of substantial refresh (write 
through) capability yields dynamic 
interactivity, simplifying, cutting time, 
and increasing comprehension of 
graphics. 

Option 42 vector generator and op- 
tion 43 vector/dot character generator 
transform digital signals from most 
computers into analog signals required 
by the basic display, providing a 
parallel interface that is compatible 
with all series members. By allowing 
higher throughput speeds than a serial 
interface, these options significantly 
reduce the time required to electron- 
ically integrate the display into a 
product. 12-bit addressing resolution 
for 12.6M viewab!'e picture elements 
is available with option 42. 

Compatibility with 220-V and 
50-Hz international power sources are 
offered by the unit’s energy-efficient 
switching type power supply. The 
display chassis is symmetrical in struc- 
ture allowing the whole unit to be 
rotated to obtain a long vertical axis 
format. 
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Updated COBOL Specs 
Available for Comment 


Being considered as a candidate for 
standardization by the American 
National Standards Institute Com- 
mittee on Computers and Information 
Processing (ANsI/x3), the Journal of 
Development of the copAsyL COBOL 
Committee includes developments to 
Dec 1977. A few of the 21 changes 
that have been incorporated are (1) 
a facility to specify symbolic charac- 
ters and positionally relate them to 
the native character set or user-de- 
fined alphabet; (2) global and external 
specification for data items; (3) a 
multibranch, multijoin structure, the 
EVALUATE statement, to cause multiple 
conditions to be evaluated; (4) an in- 

line PERFORM statement capability. 
Copies of the copasyL coso.t 1978 
Journal of Development may be ob- 
tained from Department of Supply 
and Services, Material Data Manage- 
ment Center, 4/Bl1 Place du Portage, 
Phase III, 11 Laurier St, Hull, Que- 
bec, K1A 0S5, Canada. Orders must 
include $10 remittance made payable 
to “The Receiver General for Canada.” 
O 
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Ampex 
storage modules 
srowovermeght. 


Only Ampex makes storage mod- 
ules that can grow to 160 mega- 
bytes overnight. 

Begin with 40 megabyte 
drives, and make them grow 
to 80 or 160 megabytes 
when you need 
more storage. 
Or start with 
80s, and 
change to 
160s. Or 
skip the 
changes, 
and order 
160 mega- 
byte units 
from Ampex in 
the first place. Buy 
what you need. 

You'll have 
possession of your 
machines all the time, and your own staff 
can make the modifications when the 
time comes. You'll save money on spares, 
too, because these storage modules 
have a sweeping degree of parts common- 
ality between all capacities. 


Allthe way to160 megabytes 


Quick growth isn’t 
limited to the 40-80-160 
_ family, either. In addi- 

_ tion to this CDC- 

_ compatible series, 
there’s another 
Ampex storage 
module family 
that begins at 
100 megs and 
grows all the way 
to 300 megs. 
This 10-high 

drive series uses 

the same industry- 
compatible inter- 
face as the 40-80- 
160 family. 

Technical in- 
formation is a good 
way to begin your 
march toward 
easy disk storage growth. Call Larry 
Russell at 213/640-0150. Or write to him 
at Ampex Memory Products Division, 
200 North Nash Street, El Segundo, 
California 90245. Ask him how to improve 
your drive. 


ANIPEX 
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DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 


High Speed Laser System Welds Terminals 
of Miniature Relays Under Microcomputer Control 


Terminals can now be spot welded on miniature relays 
at speeds up to 20 welds/s. A microcomputer controlled 
high speed laser welding system developed by Western 
Electric at its Engineering Research Center in Prince- 
ton, NJ is claimed to be four times as fast as the re- 
sistance welding system it replaces—and much more 
reliable. 

In order to fit properly on telephone transmission 
equipment printed circuit boards, the relay first must 
be attached to adapter plates. Terminals jutting from 
a relay’s base fit through holes in the adapter plates 
and are crimped to tabs on the plates to insure proper 
positioning and good thermal contact before welding. 

The spot welding system, made up of a 200-W aver- 
age power pulsed Nd:yAc laser and an X-¥ positioning 
system, is controlled by a Motorola 6800 micropro- 
cessor and programmable read-only memory. Four dif- 
ferent programs can be switch-selected to accommodate 
different relay configurations. Linear encoders enable 


the microprocessor to monitor the position of x-y table — 


[which has 0.0001” (2.54-um) accuracy] and antici- 
pate targets within a 30-ms period. Welding occurs “on- 
the fly” at speeds up to 5” (12.7 cm) /s. 

At the welding station, batches of up to 30 relays 
are loaded onto a precision tray that positions each 
phosphor-bronze tab within +0.002” (0.051 mm). The 


Microcomputer controlled laser welding system. Tray of 30 
miniature relays is fed onto X-Y table. Laser welds each 
relay terminal to tab on adapter plate that assures proper 
positioning on PC board. System not only improves re- 
liability by making two welds instead of previous one, but 
welds are now visible for easy inspection and are made at 
one-fourth the time of replaced resistance welding system 
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microprocessor indexes the x-y table and, in turn, the 
tray to preprogrammed positions within the laser beam’s 
focal plane. 

Laser pulses of 5-ms duration and 8 J of energy 
content are focused down to approximately 0.020” 
(0.508-mm) diameter to provide welds at 8 x 10°-W/cm? 
intensity. To minimize wear on the positioning system, 
the targets are scanned past a stationary focused beam 
at constant speed. The microprocessor controller re- 
quires approximately 30 ms to compute the next target 
location and fire the laser. Because of this interval and 
because some of the relay adapter plates have spacing 
between consecutive tabs as small as 0.150” (0.381 cm), 
scanning speed can be no greater than 5” (12.7 cm) /s. 

Once a loaded fixture is mounted on the x-y table 
and the program cycle is initiated by the operator, both 
the fixture and the enclosure door are locked in position 
by two solenoid driven mechanisms that insure target 
location and light-tightness. The loading door and all 
access panels are interlocked to the laser firing circuitry, 
while a TV monitor allows safe viewing of the welding 
operation. 

Before the laser welding system was developed, in- 
spection and mechanical testing for bond strength often 
ruptured otherwise acceptable spot welds. Such tests 
were necessary because welds created by the resistance 
welding system were completely hidden and could not 
be inspected visually. However, laser welding produces a 
highly visible, shiny nugget on the terminals that reduces 
inspection to a simple visual check. Studies show that 
an appreciable nugget almost always indicates a strong 
weld. Reliability is even further increased by making 
two welds on each tab. 
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DC&AS BRIEFS 


Data Acquisition Systems Use 
Desktop Computers as Controllers 


Research and development of process control systems 
as well as monitoring of transducer parameter mea- 
surements, testing of production devices, and analysis 
of phenomena are all feasible with a data acquisition 
system announced by Hewlett-Packard Co, 1507 Page 
Mill Rd, Palo Alto, ca 94304. This diversity of appli- 
cation exists because the user has a choice of three 
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FPS Expands the.Scientific Universe 
of PDP-Il1 Applications <a 


FPS MAKES GREAT COMPUTERS BETTER 


The FPS AP-120B Array Processor 


A great contribution to technology, the evengreater data handling capabilities, Hundreds of FPS Array Processors are in 
DEC PDPULI*, but it can't give you the The FPS architecture 1s no secret, Inter use today by people who want to retain 
computational power required tor many nally synchronous operation and seven the hands on control and atfordability of 
scientific applications, That's why PPS parallel data paths provide unequalled a minicomputer system, but require the 
developed the AP 120B Array Processor, cost performance, reliability, and pro exceptional throughput of a large main 
The AP 120B Array Processor gives gqrammability. Programmable |O units frame for their application. 

economical minicomputer systems the also enable exceptional features, such Pind out how this new power in comput 
extraordinary Computational power of as direct control of dise storaqe and real ing (typically under $50K complete) can 
large scientific computers, Por example time data flow, benefit your application, For more 
an AP120B has been used in a PDP 1134 Controlled by simple subroutine calls information and an FPS Array Processor 
system to reconstruct and analyze com from a FORTRAN program in the PDP 11 brochure, use the reader response 
plex digital images. Without the AP or other host computer, FPS Array Pro number or coupon below, For immediate 
1208, the task would take more than two cessors can be programmed by selecting consultation, contact Floating Point 
hours. With the AP-120B, it takes less routines from the extensive FPS Math Systems directly. 

than thirty seconds that's a 240X Library. by writing new routines Pk plea: ae Me I jistered: trademarks of Digital 
improvement! in the relatively simple AP Assembly aur he ' 


A PDP-11/70 and AP 120B would offer Language, or through use of the AP 
FORTRAN Compiler. 


The Age of Array Processing Is Here...and FPS Is The Array Processor Company. 


CALL TOLL FREE 800. 547.9677 
P.O. Box 23489, Portland, OR 97228 Ph al shel SEA Ge PSE: 
TLX: 960470 FLOATPOINT PTI an PPS Array Pr ssor_brochur 


f l 

| 

7 Rue du Marche, 1204 Geneve, Switzerland a “ Ua = | 

022. 280459, TLX: 28870 FPSE CH Company | ——— 

—_ 

Floating Point =yaiene Inc. Ls | 
| 


EE el eee 
im yale ind Service Worldwide: Bosten, Chicage, Dallas Denver, Detroit 


Houston, Hunstville, Los Angeles, New York, Orlando. Offowa Philadelphia 
Portland, San Prancisee, Washington, 1 C. International offices: Gene 
Londen, Munich, Pari Tel Aviv (Rastronis, Ltd Tokyo (Hakute ¢ hid l 


My Computer System is My Application is 


FORGET HYBRIDS. 12 BIT 


12 BITS, 12 BUCKS. OUR 
NEW AD7541 CMOS M-DAC 
GIVES YOU EVERYTHING 
A HYBRID CAN'T 


Our new AD7541 is the world’s only true 
42-bit-accurate monolithic multiplying 
DAC. Its low, low price, only $12 in 1000s, is 
big news. But more important is the per- 
formance of the AD7541. It offers full 
4-quadrant multiplication and guaranteed 
42-bit linearity (0.012% over temperature). 

The AD7541’'s inputs are TTL and CMOS 
logic compatible. For the AD7541's current 
output, settling time is 500 nanoseconds, 
typically, 1 microsecond maximum. High 
density CMOS and laser wafer trimming of 
its onchip thin film resistors are the keys 
to the AD7541's high performance, low 
power, low price and small size. In addition, 
single-chip construction inherently offers 
vastly improved reliability over multi-chip 
hybrid designs. 

Below: unretouched photo of AD7541 
and typical DAC80 with lids removed. 
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TRUE 4-QUADRANT 
MULTIPLICATION. 


UNLIMITED APPLICATIONS. 


The 4-quadrant multiplication feature of 
the AD7541 M-DAC permits it to function 
with both positive and negative variable 
references, either AC or DC, without any 
circuit changes. This opens up a wide range 
of applications for the AD7541 in digitally 
controlled gain or attenuator circuits, 
synchro-to-digital converters and ratio- 
metric low-power converters, as well as 
digitally controlled power supplies. 


f 
(ines aS et pe 


DACS GO MONOLITHIC. 


AND LOW PRICE. yo 
The new AD7541 CMOS I-DAC is the world’s 


first 12-bit monolithic M-DAC-. It’s the small- 
est and least expensive available and pro- 
vides 12-bit resolution with true 12-bit line- 
arity. And even if you don’t take advantage 
of the multiplying capability, at $12/1000s 

it still makes a dandy d/a converter. And it’s 
completely monolithic. For hi-rel applica- 
tions, the AD7541 is available from stock 
fully screened to MIL-STD-883A, Class B. For 
complete specs and information, call Doug 
Grant at (617) 935-5565. Analog Devices, Inc., 
PO. Box 280, Norwood, MA 02062. 


SPEED, ACCURACY ce > 
Gy 


ANALOG 
DEVICES 


WAY OUT IN FRONT 


Analog Devices, inc., Box 280, Norwood, MA 02062; East Coast: (617) 329-4700; Midwest: (312) 894-3500; West Coast: (213) 595-1783; Texas: (214) 231-5094; Beigium: 031/37 48 03; Denmark 
(02) 845800; England: 01/94 10 46 6; France: 686-7760; Germany: 089/53 03 19; Japan: 03/26 36 82 6; Netherlands: 076/879 251; Switzerland: 022/319704; and representatives around the world 
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How to get a jump on the future 
in microcomputer design. 


Don’t wait for the future. It’s here today 
with the 8086, Intel’s advanced new 16-bit 
microcomputer. And now there's SDK-86, 
the System Design Kit that 
gives you valuable hands- 
on experience with 8086 
hardware, introduces you 
to the “architecture of 
the future” and enables 
you to begin actual 
prototype development 
today. 

Everything you need 
to get started is in- 


cluded, from P 
resistors P< ao, 
and L , a 
@ : " 
crystal es 


to CPU. For 
data memory, 
there are 2K bytes 
of 2142 static RAM, 
with sockets to double that. 
And there’s room for 8K bytes of 
program memory, using either or both 


of the keyhoard and TTY/CRT 4K ROM 


resident software monitors included in the kit, 


or 2716/2316E EPROM/ROM. Plus there's a 

fully-buffered system bus and plenty of 

board space for your Own prototype Circuitry. 
To make it easy to use SDK-86, we’ve 

provided three separate 

ways to control the 


system and enter 
programs and data. 


There's a keyboard with LED display, a 
built-in serial communications interface, 
and we've provided a cable that connects 
the SDK-86 to any 
Intellec® microcomputer 
development system. 
In addition to the 8251A 
USART interface, there 
are two 8255A program- 
mable peripheral inter 
faces, providing up to 
48 1/O lines, and an 
8279 programmable 
keyhoard/display inter- 
face. You can assemble 
SDK-56 ina 
F day witha 


6 
ae 
44, & 


soldering iron 


"Tre, 


St and afew tools. 
Naturally, there 
are both Assembly 
and User's Manuals, 
plus an 8086 User's 
Manual. The kit is $780 
in single unit quantities. 
You can order it, or any 8086 
system components from your 
local Intel distributor, Or, for data 
sheets on our complete 8086 system, call 
your local Intel sales office or write Intel 
Corporation, 3065 Bowers Avenue, Santa 
Clara, CA 95051. Telephone 408/987-8080, 


intel delivers. 


United States and Canadian distributors: Alliance, Almac/Stroum 
Component Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial 
Components, Pioneer, Sheridan, Wyle/Elmar, Wyle/Liberty, L.A. Varah 
Zentronics 

Europe: Intel International, Rue du Moulin a Papier, 51-Boite 1, B-1160. 
Brussels, Belgium. Telex 24814 

Japan: Intel Japan, K.K., Flower Hill-Shinmachi East Bldg, 1-23-9, 
Shinmachi, Setagaya-ku, Tokyo 154. Telex 781-28426 
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DIGITAL CONTROL AND 
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Automatic data acquisition sys- 
tem. Version shown is 3052A 
system with 9845S desktop com- 
puter serving as controller 


system controllers, each with specific computation and 
analysis capabilities. 

The model 3052A data acquisition system consists 
of a 3455A high accuracy/high resolution digital 
multimeter (DMM), a 3437A high speed sampling digi- 
tal voltmeter (DvM), and a 3495 scanner, in addition 
to the controller. Inclusion of the two voltmeters pro- 
vides both high speed and high accuracy measurements. 
For example, on the 100-mV DMM range, dc measure- 
ment rates up to 19 channels/s are possible with 
l-uV_ resolution, while 4500 readings/s can be made 
on a single high speed channel with the pvm. By 
multiplexing the DvM input with the scanner, as many 
as 1000 channels/s can be measured with 100-uV 
resolution and 31% digits. 

Accurate, repeatable, low level measurements are 
claimed to be possible even in the presence of noise. 
A DMM and scanner combination provides >120-dB 
effective common-mode rejection to cancel out unwanted 
offsets or superimposed noise signals. 

Measurements of up to 1 MHz can be made with 
the standard ac true rms converter. A programmable 
fast ac mode provides an ac measurement rate of up 
to 10 channels/s for inputs above 300 Hz. Repetitive 
waveforms up to 1 MHz or low frequency transients 
below 1 kHz can be digitized by the pvm. 

Resistance measurements can be made with either 
an easy-to-connect 2-wire technique or more accurate 
4-wire method. Multiplexed high resistance measure- 
ments up to 15 MQ are possible with the full pum 
accuracy. 

The three system controllers are the HP 9825S, 
9835A, and 9845S desktop computers. Both the 9835A 
and 9845S use BAsIC language, while the 9825S uses 
HPL. (HPL is similar to but more flexible than BAsIC 
and FORTRAN. It features multiple statement lines, 
multidimensional arrays, and dynamic dimensioning of 
arrays.) All three controllers use HP-IB (IEEE-488) 1/o. 

Standard memories for the 9825S, 9835A, and 9845S, 
respectively, are 23k, 50k, and 62k 8-bit bytes. Memory 
on the 9835A is expandable to 246k. The 9825S includes 
alphanumeric display and 16-character thermal strip 
printer; the 9835A has a crT display with printing 
and character plotting and a 16-character thermal line 
printer; while the 9845S features a cRT display with 


full graphics, an 80-character thermal printer, and a 
dual tape cartridge drive (with 217 bytes/transport). 

Relay actuator cards in the scanner enable control, 
alarm, and multiple switching functions. Each card 
provides 10 dpst contact closures for connection to 
external devices. 

The system is fully integrated, tested, verified, and 
specified with complete software and documentation 
supplied. Various subroutine software packages are 
arranged in order by the user to suit a particular 
application. An “auto-loader” routine configures sub- 
routines automatically into a single program and stores 


the program on tape for use at any time. 
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Single Instrument Generates and Controls 
Process Variable Versus Time Profiles 


A variable setpoint versus time programmer plus a 
3-mode controller have been combined in the model 
770011 digital control programmer. This microprocessor 
based rackmounted instrument and three other pro- 
grammer-only models made up of from one to three 
programmers can be used to generate and control pro- 
cess variable versus time profiles for applications such 
as vacuum and atmosphere heat-treat furnaces, environ- 
mental chambers, batch ovens, and kilns. All models 
have been introduced by Honeywell Inc, Process Con- 
trol Div, 1100 Virginia Dr, Ft Washington, pa 19034. 

The programmer/controller overcomes the mechan- 
ical problems of typical cam-type and curve-follower 
programmers and eliminates the need for separate 
programming and control units in a process control 
system. It can store up to nine separate programs con- 
sisting of up to 200 functions such as ramp or soak 


Programmer/controller. Microprocessor based device com- 
bines variable setpoint versus time programmer with 3-mode 
controler in single instrument. All inputs are in engineering 
units. Other members of instrument family contain one, two, 
or three programmers but no controller 
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Get an A in your next design. 


ADVANCED MICRO 
DEVICES ANNOUNCES Ask for Advanced Micro Devices 
THE AMZ8000. AmZ8000. 


Advanced Micro Devices 
901 Thompson Place 
Sunnyvale, California 94086 


We tested every 16-bit micro- 
processor family around, and 


Zilog’s 73000 came out first. ! eres A. | mean give me an AmZ8000 | 
Bya mile. | paws ! 
It has what it takes to become | Title ! 
the industry standard: A highly | ont ! 
flexible, advanced architecture. | Address ! 
A powerful instruction set. ey | 
Large memory addressing capa- 
bility. Ease of programming. Advanced 


High throughput. tu - 
And now it has something Micro Devices 


more: Us. a 


Multiple technologies. One product: excellence. 
901 Thompson Place, Sunnyvale, California 94086 
Telephone (408) 732-2400 
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segments and event switches. Controller output forms 
include a choice of current proportional, time propor- 
tional, heat/cool, and position proportional. In indus- 
trial heating and environmental test applications, a 
guaranteed soak function allows the soak to proceed 
only when the process variable enters a_ selectable 
band around the setpoint. 

Front panel pushbuttons are used to enter, verify, 
and edit program parameters. Operator commands for 
starting, stopping, and resetting the program can be 
actuated either at the front panel or via remote contact 
closures. Status-indicating LEDs and displays for pro- 
gram and segment numbers, setpoint, time, process 
variable, and error codes simplify the programming 
procedure. All data are entered directly in engineering 
units. Temperatures and ramp rates are set in actual 
degrees rather than percentages, and the progress of 
each program during entry, running, or verification 
modes is displayed in engineering units. 

Automatic cycling of the same program for a preset 
number of times gives maximum flexibility for environ- 
mental chambers. In addition, program parameters can 
be changed without having to re-enter the existing 
program. Programs are stored in nonvolatile memory, 
requiring no battery backup facilities to retain stored 
programs during power failure. In the event of power 


The Intecolor 8080 Development System Gives 
You Total In-House Control. You probably already 
realize that an in-house development system 
would give you a lot more control, flexibility and 
efficiency. 

You may not realize that now you can afford 
one. Our new low-cost 8080 development system 
features a 19-inch, 8-color data entry terminal 
with an Intel 8080 micro computer. A 10 CPS bi- 
directional desk top printer. A dual mini disk drive 
and our 2708/2746 PROM programmer. It also 
includes a sophisticated ROM-based Text Editor 
and Assembler. And as an option, a FORTRAN 
compiler with double precision by Microsoft® 

Call 800/241-9699 toll-free fora demonstration. 
(In Georgia, call 404/449-5961.) ig 

IG 


Color Communicates Better 
5965 Peachtree Corners East/Norcross, Georgia 30071 


Intelligent Systems Corp., 
Telephone 404/449-5961 TWX: 810-766-1581 
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failure, the memory holds all program elements and 
the program resumes from the point of the failure. 
Proportional, integral, and derivative actions can 
be provided. Output can be controlled automatically 
or manually. Temperature range can be field selected 
for Fahrenheit or Celsius by an internal slide switch. 
A self-diagnostic program is permanently stored in 
the instrument. When this program is run it exercises 
all electronics, digital displays, LED indicators, and 


pushbuttons, indicating the device to be fully operational. 
Circle 162 on Inquiry Card 


Solid-State Camera and Processor 
Function in Noncontact Inspection Applications 


Charge injection device (cmp) technology is the basis 
of the TN-2500 solid-state camera announced by Gen- 
eral Electric Co, Optoelectronic Systems Operation, 
Syracuse, NY 13221. Designed for industrial applica- 
tions, the camera is nonmicrophonic, is operable in a 
high magnetic environment, and utilizes a sensor that 
is said to provide 30% greater resolution than previous 
CID cameras. CID technology eliminates problems of 
image burn and lag associated with some other imagers, 
and provides an antiblooming capability that enables 
optimum imaging despite extreme highlights in the 
scene. (For a discussion of cIDs, see Computer Design, 
Nov 1977, pp 146-152.) 

The camera is made up of two units: a body (elec- 
tronics package) and a3 x 3x 2.1” (7.6 x 7.6 x 5.3-cm) 
remote head unit that can be operated at a distance 
of up to 50’ (15 m) from the camera body. It pro- 
vides low noise video output signals in both analog 
and digital format and requires no operating adjust- 
ments. 

An associated PN-2303 decision processor segments 
the camera’s field of view into electronic windows, 
and extracts measurement features from the image in 
each window. It then compares the measured features 
with predetermined standards of acceptance or rejec- 
tion and provides output instructions to the user’s system 
control. 

Circle 163 on Inquiry Card 


Microcomputer System Designed 
for Process Monitoring 


The cps03 is a self-contained, 3-board microcomputer 
system for OEM use in data concentration/process mon- 
itoring applications. It is based on an M6800 micro- 
processor and incorporates 10 serial communications 
lines, three parallel input/output ports, 5k bytes of 
RAM, 4k bytes of EPROM, realtime clock, and power 
supply. 

Introduced by Pichler Associates, 410 Great Rd, 
Littleton, MA 01460, the system provides an RS-232-c 
EIA voltage level or 20-mA current loop line signal in 
any mix with full asynchronous modem control on any 
RS-232-c line. Under program control, the system ac- 
cepts any 5-, 6-, 7-, or 8-level asynchronous code with 
or without parity. It features analog 1/0 points as 
well as isolated digital 1/o points, and runs online 
self-test concurrently with data concentration. 

Circle 164 on Inquiry Card 
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Motorola peripherals-doing more so your processor can do more! 
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the eas 


Motorola’s MC68488 General- 
Purpose Interface Adapter, GPIA, 
makes microprocessors- 
microcomputers IEEE 488-bus 
compatible. 


Development of the IEEE Standard 
488 instrument bus enabled practical 
interconnection and remote 
programming or controlling of 
multiple programmable instruments. 
However, interface between the 
microprocessor or microcomputer 
and the 488 bus remained a costly 
and cumbersome task. 


The GPIA provides that interface 
simply and inexpensively, and 
automatically handles handshake 
protocol needed on the instrument 
bus. As part of our fully compatible 
M6800 Family, it’s designed to 
operate with all the M6800 micro- 
processors and single-chip 
microcomputers, but it serves other 
microprocessors, too. It’s absolutely 
unique. 


Motorola’ 


Probably most useful among the 
GPIA benefits are features like its 
serial polling capability, single or 
dual primary address recognition, 
and secondary address capability. 
There’s sO much more: complete 
source and acceptor handshakes, 
talk-only or listen-only capability, 


low-cost way 
a’s unique GPIA. 


synchronization trigger output, and 
selectable automatic features that 
minimize software. There’s plenty 
of software to implement your own 
features, though, never fear. 


Many designers will appreciate the 
GPIA’s operation with a DMA 
controller, the programmable 
interrupts, and RFD holdoff for 
prevention of data overrun. As 
indicated, although the MC68488 is 
a member of the M6800 Family, with 
some additional logic it also can 
serve non-’6800 processors as the 
easiest, least expensive 488 bus 
interface. In 25-99 quantities, the 
plastic MC68488P is $19.00, and the 
MC68488L ceramic device is $21.50. 


The GPIA is designed to team up 
with our MC3448A standard 488 bus 
drivers, to meet the complete 
electrical specifications of the IEEE 
488 bus. Use it, and we believe 
you'll agree, it’s the way to get your 
instruments on the bus. 


Your microprocessors can do more, 
because Motorola LSI puts 


systems 
on silicon. 


Our various LSI and VLSI 
technologies range across CMOS, 
NMOS, LSTTL, and ECL, from single- 
bit to 16-bit capability, and provide a 
choice among multi-chip, two-chip, 


single-chip, and the bit-slice approach. 


There’s a full complement of hard- 
ware and software support to make 
it all go. 


The M6800 Family is the epitome 
of our concept for putting your 
systems on our silicon. With existing 
and soon-to-be available 
components, it offers an amazing 
variety of complexity and 
performance in applications from 
controls, to instrumentation, to data 
handling and communications. 

- Multi-chip microprocessor-based 
systems from the MC6800 to the 
MC6809 - two-chip MC6802 
systems - single-chip micro- 
computers and microcontrollers like 
the MC6801 and the MC6805. 
Everything, including development 
and support hardware and software 
is fully compatible. 


Family memories, RAMs, ROMs, 
and EPROMSs, a variety of peripheral 
control and |/O chips, and special 
purpose components like the GPIA 
generate an unmatched synergism. 
To ensure that your microprocessors 
can do more, we don't just build 
components, we put systems on 
silicon. 


CIRCLE 33 ON INQUIRY CARD 


A new brochure covering 
Motorola's total systems-on-silicon 
capability is now available. For a 
copy, and copies of both the 
MC68488 data sheet and our 32-page 
IEEE 488 Bus Implementation 
brochure, circle the reader service 
number or send your written request 
to Motorola Semiconductor Group, 
P.O. Box 20912, Phoenix, AZ 85036. 


MOTOROLA INC. 
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problems have you feeli 
Check HP’s strategy. 


HEWLETT pW) PACKARD 


Testing may be your most frustrating and 
costly production bottleneck. But now, HP 
can help you make the right move in logic- 
board testing. Here’s how the DTS-70 can 
help you increase throughput while cut- 
ing production and warranty costs. 

P’s simulator-based system, at a 
cost roughly equivalent to comparison 
testers, increases testing efficiency. It gives 

known fault-detection effectiveness. And it provides design feed- 
back by analyzing circuits for failure modes and testability before 
they’re even built. 

ault-diagnosis, under computer direction, quickly isolates 
faulty components, part failures with intermittent symptoms, and races. 

Compatibility with other HP instruments via the HP-IB* lets 
you easily adapt the DTS-70 to your specific testing requirements. 

Independent test-program generation, using a separate 
station and the DTS-70’s minicomputer, eliminates a big bottle- 
neck by allowing test-program generation while testing is in 
progress on the same system. 

Expansion capability lets you add up to two more test stations 
and up to ten software generating stations as you expand without 
investing in additional computing power. 

Learn more about HP’s strategy for circuit board testing and 
why a simulator-based system can be a more cost-effective 
solution. Mail the coupon today or call your local HP field engineer. 
* HP’s implementation of IEEE Standard 488-1975. 


HP Board Testers—the right decision. 


OdIC DO. 


y like 


P.O. Box 60001, Loveland, Colorado 80537 


For assistance call: Washington (301) 948-6370, Chicago (312) 
255-9800, Atlanta (404) 955-1500, Los Angeles (213) 877-1282 


the FREE brochure describing HP’s solution to logic-board testing. 
Hewlett-Packard, P.O. Box 60001, Loveland, CO 80537 
Name 

Title. 

Company 

Address. 

City/State 
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Temperature Transmitter Provides 
Data in Digitized Format 


Temperature information from standard industrial 
thermocouples and platinum resistance thermometers 
is relayed to the computer in a control or monitor 
system in digitized format by the model 2600-D digital 
temperature transmitter introduced by RdF Corp, 23 
Elm Ave, Hudson, NH 03051. Device design is based 
upon the industry standard 2-wire 4- to 20-mA process 


control transmitter, except that data are signal con- 
ditioned, digitized, and transmitted in standard Tele- 
type" terminal interface format. Specifications include 
accuracy of 0.1%, linearized output, compatibility with 
digital systems, UART data transfer, fm explosion proof 
housing, humidity-resistant construction, low installation 
cost, and 0.025% resolution of data. Another model, 
2600-E, allows addressing of each individual data point, 
minimizing wiring to a large number of data points. 
Circle 165 on Inquiry Card 


Software Improves 
Programmable Controller Time Limiting Factor 


CREF14, an addition to the library of utility programs 
for the pEc Industrial 14 programmable controller, al- 
lows the user to make ladder diagrams without a vTl4 
terminal. With crEF14 (cross reference for Industrial 
14), the time limiting factor in producing a ladder 
diagram is the output device, rather than the time it 
takes to compute the elements of the ladder diagram. 
Therefore, an entire ladder diagram can be printed in 
a matter of minutes instead of the hours required with 
a vTl4. In addition, this software product from Process 
Control Systems, Inc, 18130 S Thornapple Lane, New 
Berlin, wi 53151 will make a ladder diagram for a spec- 


Time Sequence Controller Is 
Replacement for Mechanical Timer 


As many as 256 events with 32 solid-state outputs 
are controlled by a device developed by Theta In- 
strument Corp, 24 Dwight Pl, Fairfield, ny 07006. The 
model tsc-1000 time sequence controller stores events 
as independent groups of recallable programs. Pro- 
gram start addresses are selected through a 3-decade 
thumbwheel. Standard time ranges are 999 s or 999 
min. Time readout is a 3-decade display of 0.43” 


ified output or all outputs after and including a specified 
output. When multiple circuits are requested, ladder 
diagrams are produced either in numerical order or in 
order of occurrence in the Industrial 14 memory. 

A cross reference feature lists every output circuit in 
which the specified input or output is used, whether it 
is normally open or normally closed. An optional ex- 
tended symbol feature lists both the input/output num- 
ber and its symbolic designation if one is assigned. 

A minimum organization requires an os/8 or os/78 
system hardware or an OS/8 partition under RTS-8 with 
12k to 24k of memory, and related software. Any ap- 
propriate os/8 device may be used for 1/0. 
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(1.09-cem) high LEDs. Other LEDs on the terminal strip 
indicate when a specific output is on. A battery backup 
supply automatically provides power to the RAMs for 
a 12-h period in case of loss of line power. 

A separate sequence entry module with 3’ (0.9-m) 
cable can be used to enter control points into the 
controller. The model s—EM-256 handheld keyboard de- 
vice displays numeral keys, store and increment, store, 
clear data, address increment, and reset. 
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Strip Plating Thickness Monitored 
Without Interruption of Motion 


Thickness of gold, silver, tin, or other plating on flat 
or preformed strip can be measured automatically and 
accurately by a system called continuous strip monitor 
that does not interrupt motion of the strip. It functions 
without operator attention but triggers a signal if plating 
is greater or less than preset limits. Two models are avail- 
able from upa Technology, Inc, 60 Oak Dr, Syosset, ny 
11791: csm-1 for measuring on flat or unformed strip, 
and csM-2 for “preformed” strip. 


Thickness measurements are computed by a micro- 
processor-based instrument called Memoderm that pro- 
vides an alphanumeric printout of all thickness readings 
and statistics. The instrument automatically standardizes 
itself and stores, in any one of its 15 memory positions, 
the precise calibration constants required for accurate, 
repeatable, drift free measurement of plating thickness. 
In addition, the printer provides a permanent record 
histogram of thickness distribution. O 
Circle 168 on Inquiry Card 
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MDS 2021/2022 
CARTRIDGE TAPE DRIVE 
-€ miniperipheral with big capabilities 


We've shed light upon a 3M-compatible* 
cartridge tape drive that is in use by 
more OEM's than any other cartridge 
drive. It’s simple to see why. 


You'll find the flexibility you need for 
virtually any digital data handling 
requirement. Features like 30 ips 
read/write, 90 ips search and rewind, 
read-after-write checking, 800/1600 bpi 
recording density, and phase or biphase 
encoding on 1, 2, or 4 tracks. Storage 
capacity per cartridge is up to 23 million 
bits. But there’s more to this drive’s wide 
acceptance than meets the eye. 

Features like interchangeable printed 
circuit boards, long-life motor, and initial 


low cost have made this unit particularly 
suitable for small system integration 
where cost/performance, reliability and 
serviceability are of utmost concern. 


Applications like remote data collection, 
data communications, word processing, 
POS, and data entry are just a few ways 
that these drives are handling data in 
thousands of systems today. 


To get all the facts on the MDS 
2021/2022 Cartridge Tape Drive, mail 
the attached coupon, or call us collect 
today. 


*383M DC300A Data Cartridge 


D 
Ss. 

Mohawk Data Sciences 

OEM Division 

Palisade Street, 

Herkimer, N.Y. 13350 


East Coast-Contact: H. Johnson (315) 866-5300 
West Coast-Contact: J. Engstrom (714) 772-0803 


Please send me information on the MDS 2021/22 Cartridge Tape Drive 
Name 

Title 

Company 

Street 


nn | TC Zip 


O I'm in a hurry. Have a representative call me at: (___ 


CD1278 
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REALTIME PROTOTYPE ANALYSIS 
AS A MICROPROCESSOR DESIGN AID 


By providing the designer with the ability to build a fully 
compatible hardware/software system in progressive stages, this 
design tool helps to isolate problems while the prototype operates 


at full rated speed 


Robert Francis and Robin Teitzel 


Tektronix, Incorporated, Beaverton, Oregon 


We. the proliferation of available microproces- 
sors, the designer faces a system development process 
that poses severe hardware/software integration prob- 
lems. This process revolves around microprocessor 
architectural basics. Most functions are stored in mem- 
ory rather than being implemented in logic components; 
therefore, a design change is effected rapidly and 
easily by simply substituting program instructions. In 
other words, software emerges as the dominant factor 
in overall microprocessor-based system design. More 
importantly, software/hardware design becomes a dy- 
namic interactive process and integration emanates as 
the critical development phase. It is during integration 
that the potentially substantial savings in design ef- 
fort, time, and cost can be gained. 

Without support equipment assistance, however, the 
designer encounters unnecessarily complex and time 
consuming tasks. If microprocessors are selected on the 
basis of manufacturers’ specifications with no way to 
perform benchmark tests, the designer may not op- 
timally match the best microprocessor to system require- 
ments. Designing a customized debugging tool is ex- 
pensive, is restrictive in versatility, and does not 
guarantee that the microprocessor will run properly. 
Also, generating the entire program for a prototype 
system runs the risk of mismatch when hardware and 
software are exercised together, with no means of 
detecting where or why defects occur. 

Alternatively, a comprehensive integration equip- 
ment, the 8002 Microprocessor Lab, allows the designer 


to build a fully compatible hardware/software sys- 
tem in progressive stages. This development system 
permits detailed investigation of a microprocessor proto- 
type and its functional programs, and fully tests all 
elements of the overall system design. Microprocessors 
that can be analyzed include: 8080A, 6800, Z80, 9900, 
and 8085A. 

Hardware/software debugging techniques in general, 
and realtime analyses in particular, are explored by 
describing capabilities of the realtime prototype analy- 
zer (RTPA), an integral proficiency of the microprocessor 
lab. Primarily useful in the intermediate and final 
stages of microprocessor-based system integration, the 
RTPA helps the designer to isolate prototype problems 
by providing realtime tracings, event comparisons, and 
expanded breakpoint capabilities. The prototype address 
bus, data bus, and selected system signals can be 
monitored simultaneously with the microprocessor exe- 
cuting at rated speed. The designer has complete access 
to, and control of, internal functions of a prototype 
system. 


RTPA Functional Description 


An interconnected realtime trace printed circuit (PC) 
card, a multiclip-lead test probe, and a data acquisi- 
tion interface panel (Fig 1) comprise the analyzer. 
The pc card, a special high speed buffer memory, and 
the interface panel, a data handling module with 
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Fig 2 Microprocessor lab. Interconnect diagram 
shows data acquisition interface, realtime analyzer, 
and one emulator probe. RTPA analyzer and eight 
lines of input allow monitoring or realtime program 
execution on microprocessor prototype 


switch selectable transistor-transistor logic (TTL) or 
variable input threshold levels (+10 V), are installed 
into the microprocessor lab (Fig 2). High input im- 
pedance (1 MQ at 5 pF) test probe leads connect 
directly to the prototype to obtain eight input data 
channels. Acquired data are picked up and buffered 
by the test probe, modified by the interface panel, 
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Fig 1 RTPA trigger cir- 
cuits. General purpose 
counter times program ex- 
ecution in clock or event 
cycles to enable analysis 
of critical timing measure- 
ments. Count units may be 
any of eight selectable pa- 
rameters. Two event com- 
parators can halt program 
execution and stop realtime 
trace. Trigger can be gen- 
erated on any specific data 
occurrence in address bus, 
data bus, test probe input, 
or instruction cycle 


DEBUG CARD 
(BUS) 


and driven to and stored in the realtime trace buffer. 
Logic control circuits for effecting the analyzer’s com- 
mand set (see “RTPA Command Set”) are also mounted 
on the buffer memory card. 

When the designer’s program executes, 48-bit data 
words (Fig 3) are sequentially acquired from the 
prototype and loaded into the realtime trace buffer. 
Each data word contains 16-bit data from the address 
bus, 8- or 16-bit data from the data bus, 8-bit data 
from the test probe extension, 3-bit data identifying 
cycle type (read, write, input/output, memory, or 
instruction fetch), and 5-bit data used internally to 
identify the last start/stop of the emulator processor. 
Data are acquired synchronous to the microprocessor 
clock. 

The analyzer loads sequential cycles of logic input 
until the emulator processor is stopped or the realtime 
trace buffer is frozen by a specified trigger. Using 
parameters such as A = address bus, D = data bus, 
T = test probe, and B = cycle type, two event com- 
parators (EVTl and EvT2) located in buffer memory 
generate a trigger on any combination of a 48-bit wide 
transaction. 

Pass (P) and delay counters (C) delay triggering 
by n repetitions of an event occurrence, or by n repeti- 
tions of a specific count unit. Clock select defines the 
parameters in count units of either instruction fetches, 
bus cycles, emulator clocks, trace stores, micro- 
seconds, milliseconds, event 1 compares, or event 2 
compares. Clock select also defines the count units 
of the general purpose counter, which times program 
execution during a start/stop of the emulator processor. 

After event trigger and count values have been 
designated, the two event comparators initiate a break 
in program execution. These comparators trigger as 
independent breakpoints where either or both generate 
a break, or they may be combined in the ARM, FRZ, 
or LIM modes (see RTPA Command Set). 
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Fig 3 Prototype data word. Data storage format 
is 48-bit word with 43 bits of pertinent data. De- 
pending on microprocessor prototype, either 8 or 
16 bits of data are stored. Bus operation data 
indicate which cycles are responded to 


START OF TIMING LOOP 

CLEAR ACCUMULATOR 

COUNT TO 256 BY COUNTING BY 1 

AND DETERMINE IF FINISHED COUNTING 
END OF LOOP 


Fig 4 Source code for 8080 timing loop. 
Register A (accumulator) is used as counter. 
Program is used to demonstrate timing func- 
tions shown in Fig 5 


Through two connectors located on the acquisition 
interface panel, the event comparators also generate 
an external trigger pulse to a logic analyzer or oscillo- 
scope, allowing the designer to troubleshoot circuitry 
during program execution while maintaining debugging 
control through the microprocessor lab. 


Execution Time Capture 


In a typical procedure for the 8080A microprocessor, 
the analyzer is set to capture the execution time be- 
tween two specified program addresses. A simple timing 
loop is programmed that repeatedly executes a no- 
operation (NOP) instruction (Fig 4). 

The timing routine is constructed to measure the 
time interval in microseconds between initiation of the 
loop cycle and the first occurrence of a NOP instruction 
output. Various analyzer commands and mode param- 
eters allow effective determination of how long it takes 
this piece of code to execute. 

Event comparators EVT] and EvT2 are invoked by 
the event (EVT) command. These comparators trigger 
to halt program execution and to stop the realtime 
trace. A trigger may be generated on any specified 
data occurrence in the address bus, data bus, test probe 
input, or instruction cycle type. In this application, 
the two event comparators trigger on two addresses: 
address location of the initial loop Nop instruction 
(evTl A = 02) and address location of the second 
NoP location (EvT2 A = 06). 

Activated to ensure acquisition of data pertinent to 
the measurement, the break-if (BIF) command sets 
break parameters for the two event comparators. These 
parameters specify whether the two comparators are 
used as independent breakpoints, or together to enable 
a breakpoint on a specific event combination. For in- 
stance, the ARM mode parameter works as an “If, Then” 
break condition—if EvTl occurs, then break on EVT2— 
thereby limiting the analyzer timing function to a par- 
ticular section of program execution. The CNT command 
invokes the general purpose counter and specifies count 
units—in this application, U for microseconds. When 
EVT] occurs, the general purpose counter counts in 
microseconds until halted by the occurrence of EVvT2, 
thus accomplishing the realtime measurement of pro- 
gram execution. 

After the timing routine has been programmed, the 
GO command is activated to start program execution; 
all analyzer commands are programmed through the 
microprocessor lab console. Then, the analyzer monitors 
prototype activity synchronous to the microprocessor 
cycle, loading sequential cycles of data into the high 
speed memory buffer. When EvTl (address = 02) is 
triggered, the ARM break parameter is initiated, and 
the timing function begins. With the occurrence of 
EVT2 (address = 06), timing is stopped, and a break- 
point is activated as indicated on the console CRT 
(Fig 5). 

When a break in program execution takes place, 
up to 128 bytes of the most recent program bus trans- 
actions are retained in the analyzer memory buffer. 
Display commands allow a portion or all of this buffer 
content to be displayed on the console crt. By utilizing 
the DRT command, all analyzer buffered transactions— 
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address location, data, probe input, and control bus 
data—are displayed (Fig 6). If the transaction is an 
instruction fetch, this instruction is also disassembled 
into the appropriate mnemonic. 

The CNT command is again activated to display the 
current count value, allowing determination and dis- 
play of an accurate time measurement of 01619 ps 


(Fig 6). 
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START COUNTER WHEN PROGRAM ENTERS LOOP 


STOP COUNTER WHEN PROGRAM LEAVES LOOP 
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Flexible Triggering and 
Break Logic 


An analyzer procedure for an 8080A microprocessor 
illustrates how flexible breakpoint triggering can be used 
to monitor a specific portion of prototype execution. 
In this procedure, analyzer commands are implemented 
to invoke a memory range routine that effectively moni- 


Fig 5 Timing functions. 
Analyzer triggering and 
counter commands needed 
to time, in microseconds, 
the loop code of Fig 4 are 
listed. Execution time be- 
tween occurrence of ad- 
dress 02 and address 06 is 
measured 


Fig 6 Timing loop execu- 
tion. DRT 10 command 
causes last 10 traces in 
realtime trace buffer to be 
displayed. Event 2 trigger 
occurs when address 06 is 
accessed. COUNT indicates 
that 1619 us have been 
spent in loop 
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tors a particular section of program activity. This rou- 
tine (Fig 7) stops program execution whenever the 
program attempts to read from, or write into, a speci- 
fied range of memory. 

With the EvT command, the two event comparators 
are set to define the boundary addresses of a specific 
memory range. Relational operators are available to 
qualify an event trigger as greater than or equal to 
(>), less than or equal to (<),* or equal to (=) 
any specific bit equality. Thus, by setting EvTl A > 
107 and rvt2 A < 109, the analyzer will generate 
a trigger on any memory address between 107 and 
109, inclusive. 

Through the BIF command, conditions are set on 
which a break in program execution is initiated. By 


ORG LOCATE PROGRAM AT 100 HEX 

NOP 3 DO NOTHING INSTRUCTION 

NOP 

NOP 

NOP ; 

JMP BRANCH AROUND DATA 

BYTE 3 DATA LOCATED AT LOCATION 107 
BYTE 3 DATA 

BYTE 3 DATA LOCATED AT LOCATION 109 
ORG ; LOCATE NEXT PORTION OF PROGRAM AT 10A HEX 
NOP + DO NOTHING INSTRUCTION 

NOP 

LDA } LOAD A DATA ITEM INTO REGISTER A 


Fig 7 Do-nothing program. Written in source code 
appropriate to 8080, program demonstrates capabilities 
used in Fig 8 
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activating this command’s LIM break parameter, a break- 
point will occur only if the conditions of EvTl and 
EVT2 are met simultaneously. In this manner, the 
program continues to execute as long as the specified 
range of memory is not accessed. 

After the range routine has been programmed through 
the lab console with all desired parameters, program 
execution is activated with the GO command. The 
analyzer monitors program activity around the speci- 
fied memory range and, as displayed on the CRT, a 
breakpoint will occur when an attempt is made to load 
data at address 107. 

The analyzer automatically acquires and stores data 
in a pretrigger format. By using the prt (display) 
command, up to 128 byte transactions (stored in buffer 
memory) that occurred prior to the initiated breakpoint 
may be viewed. 

To view data in a center- or post-trigger format,** 
the delay counter (C) must be programmed in the 
EVT command. Clock select sets the delay counter to 
any one of the eight available count units. By imple- 
menting the delay counter as EVT] A > 107 C = 5, 
and the clock select as CNT trace stores (T), the trigger 
is delayed by five trace stores. This then enables a 
post-trigger position of five for the breakpoint in the 
analyzer trace buffer. If a center-trigger position is 
programmed into this application program, the final 
buffer contents are also displayed (Fig 8). 


*Note that > and < are implemented as = and S, respectively. 


**Tn post-trigger format, up to 128 byte transactions that occurred 
after the breakpoint may be viewed; in center-trigger format, 
up to 64 byte transactions that occurred prior to the breakpoint 
and up to 64 byte transactions that occurred after the breakpoint 
may be viewed. 


Fig 8 Display of realtime 
trace buffer. Program flow 
should always _ branch 
around data. RTPA com- 
mands (a) EVT1 A > 107 
C = 5, (b) CNT T, (c) EVT2 
A > 109, and (d) BIF LIM 
cause break in program ex- 
ecution if data are ac- 
cessed. Breakpoint occurs 
five trace stores following 
initial trigger point at ad- 
dress 0107 
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Fig 9 Ackerman’s function 
ACK (M, N) for 6800 pro- 
cessor. If M = 0, then 
f(m,n) = N+ 1. If N = 0, 
then F(m,n) = F(m-1, 1); 
otherwise, F(m,n) = F (m-1, 
F(m,n-1)) 


Memory Hardware Examination 


To illustrate the procedure for examining memory hard- 
ware to isolate a stack overflow problem in memory 
consider an application program* that contains Acker- 
man’s Function (see Ralston), a highly recursive sub- 
routine that requires large amounts of stack storage 
(Fig 9). 

The program is written for the 6800 microprocessor, 
and the assembled listing (Fig 10) indicates both the 
instruction sequence and the memory configuration. 
Memory addresses 300 to 3FF** are allocated to main 
program instruction, addresses 400 to 418 to subroutine 
instruction, and addresses 419 to 500 to stack storage. 
When this program is executed, an overflow problem 
occurs due to the highly recursive nature of the sub- 
routine. Program flow is disrupted when data being 
loaded onto the stack overwrite memory where pertinent 
subroutine instructions reside. To isolate this problem, 
the analyzer monitors program activity within the mem- 
ory range containing the subroutine data. 

With the address bus (A) parameter, the two event 
comparators are set to define the limits of the desired 
memory range. The first is set to trigger if address 
bus data are less than or equal to 418 (evTl A < 
418), and the second to trigger if address bus data 
are greater than or equal to 400 (Evr2 A > 400). 
This range ensures that the analyzer will generate a 
trigger when access is made to any address between 
418 and 400, inclusive. 

Since this application concerns a_ stack overflow 
problem, triggering conditions are further limited to 


*The program used is from “Class Notes on Data Structures,” 
Naising Deo, Washington State University, Fall 1974. 
**All memory addresses are in hexadecimal notation. 


SET M EQUAL TO 40 (DECIMAL) 

SET N EQUAL TO 40 (DECIMAL) 

START PROGRAM AT LOCATION 300 HEX 
INITIALIZE STACK POINTER 

LOAD A & B REGISTERS 


CALL ACKERMANS FUNCTION 


LOCATE ACKERMANS FUNCTION AT 400 HEX 

IF A=0 

THEN SET B=8+1 

RETURN 

OTHERWISE; IF G0 Fig 10 6800 macro assembler listing 
’ 

TEN’ SET AmACI of program for Ackerman s function. On 

SET B=1 entering function, M is in register A 

ee ee and N is in register B. On exit from 

onventiaks SAVE A GN STAGE routine, register B contains result (B 

SET B=B-1 = F(m,n)). Since function is a recursive 

CALL. ACKERMANS FUNCTION algorithm, variables are temporarily 

— eo stored on stack 


CALL ACKERMANS FUNCTION 
RETURN 


STACK AREA ENDS AT LOCATION 500 HEX 
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the occurrence of memory write instructions only. This 
limitation is accomplished by the EVT command’s instruc- 
tion cycle type (B) parameter. By designating B = MW 
(break on memory writes only) as an additional quali- 
fier for both event comparators, a trigger will be gen- 
erated only when an attempt is made to write data 
within the specified memory addresses. 

The analyzer automatically acquires and stores data 
in a pre-trigger position. In this application, however, 
program activity is viewed following the initial trigger 
point. To do this, a triggering delay must be imple- 
mented with the EVT command delay counter (C) 
parameter. In this case, triggering delay is set as 10 
(C = 10). Then, with clock select, the value of the 
delay counter is set equal to trace stores (cNT T). 
This procedure ensures that the analyzer will continue 
to acquire data after the initial trigger occurrence, 
and will enable a post-trigger position of 10 trace 
stores (Fig 11). 

After triggering specifications have been determined, 
the BIF command designates the conditions on which 
a break in program execution is initiated. For this 
application, BIF LIM is implemented. This mode param- 
eter specifies that a breakpoint will occur only if the trig- 
gering conditions of EVTl1 and EvT2 are met simultane- 
ously. 


STACK OVERFLOW AT THIS POINT 


Fig 11 Display of analyzer 
buffer contents. Initial trig- 
ger point, stack overflow, 
and trace of following in- 
structions are indicated. 
Stack overflow occurs at 
location 0418. As defined 
by commands, 10 post-trig- 
ger traces have been stored 
in the trace buffer 


By using triggering and break logic in this manner, 
a localized monitoring routine is devised that will iso- 
late the stack overflow problem. The two event com- 
parators define the monitoring range, with triggering 
dependent on memory write instructions only. Further- 
more, with delay counter and clock select, triggering 
is delayed to enable a post-trigger acquisition of 10 
trace stores. Then, to ensure capture of pertinent data, 
the Lim break parameter specifies that a break in 
program execution will occur only if all triggering 
conditions are met. 

With the Go command, program execution and real- 
time trace are initiated. The analyzer monitors program 
activity synchronous to the processor cycle, and loads 
sequential cycles of data into the realtime trace 
buffer. When stack overflow occurs, data are pushed 
into the memory area containing subroutine instruc- 
tions, and the event trigger is activated. Because of 
the designated trigger delay, program execution con- 
tinues for 10 additional trace stores before a_break- 
point is generated. Next, the DRT display command 
is used to specify that the last 20 transactions, including 
the 10 post-trigger traces, be displayed as shown in 
Fig 11. 

The sequence of events shown in Fig 11 depicts the 
initial trigger point—a memory write instruction changes 
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Source code error. Segment of 
source code indicates designer’s error in 
setting stack location (ORG 024AH). Stack 
space should have been assigned to begin 
at address 10FFH. 


—— INTERRUPT OCCURS 
] PC STORED ON STACK 


F <— INTERRUPT ROUTINE Fig 13 Instruction by in- 


struction trace. After trace 
of portion of program shown 
in Fig 12, breakpoint in- 
formation and last 15 trans- 
actions stored in realtime 
trace buffer are displayed 
at system console. Trans- 
actions show occurrence 
of interrupt and point of 
stack overflow at address 
0240 


data located at address 0418. Two solutions to this 
problem would be to either increase memory stack space 
or, perhaps more feasible, substitute a less recursive 
algorithm. 


Program Instruction Problem 


A second application example demonstrates a_ pro- 
cedure for tracking down an overflow problem in 
memory. The program for this application is interrupt 
driven; ie, an 8080A microprocessor has been pro- 
grammed to respond to external signals. 

Assume that while coding this program the designer 
made an error that effects the memory configuration. 
Main program instructions are allocated to memory 
addresses 0000 to 023F, and stack space is intended 
to begin at address 10FF (Fig 12). In the orc state- 
ment that sets stack location, however, the designer 
has entered an incorrect operand (024AH) that moves 
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stack storage space directly below program data, ad- 
dress 024A. This error is shown in the segment of 
original source code. 

When the program is tested with prototype hard- 
ware, difficulties arise due to the initial programming 
error. Program flow is disrupted at random since, when- 
ever an interrupt occurs, data being loaded into the 
stack are, in effect, overflowing into main memory. 
To isolate this problem, program activity during an 
actual interrupt sequence must be monitored. With 
the analyzer command set, a routine is implemented 
that will allow capture of a snapshot view of software 
and hardware functional elements leading up to the 
overflow problem. 

With the analyzer EvT command, the conditions on 
which a trigger is generated are specified. For this 
application, only one of the two event comparators 
is needed. It is set to trigger if address bus data are 
less than or equal to the upper address limit of stack 
storage. By designating EvTl A < 240, a trigger will 
be generated if access is made to any address located 
beyond the intended stack space, thus limiting trigger- 
ing conditions to the section of memory that contains 
main program instructions. The event trigger is further 
qualified as to the type of instruction being executed. 
Using the instruction cycle type (B) parameter, a 
trigger is generated only when the attempt is made 
to write data within the designated memory addresses. 
By implementing B = MW with the event command, 
triggering conditions are limited to the occurrence of 
memory write instructions only. 

With triggering conditions defined in this manner, 
the BIF command is implemented to ensure capture 
of pertinent information. Since only the first event 
comparator is used, this command is set to generate 
a breakpoint on the occurrence of EvT1. Thus, a break 
in program execution will take place immediately if 
the event trigger is activated. 

Through manipulation of analyzer commands, a 
routine is developed that will isolate the stack over- 
flow problem. First, using only one event comparator, 
a trigger will be generated if data are written into 
any address located outside the intended stack space. 
Then, by designating an immediate breakpoint, the 
capture of program activity leading up to the overflow 
problem is ensured. 

After analyzer commands and parameters have been 
programmed, the GO command is activated to start 
program execution. The analyzer traces prototype 
activity in real time, monitoring the specified address 
locations for any occurrence of a memory write instruc- 
tion. When the prototype hardware generates an inter- 
rupt, the 8080A microprocessor responds to this signal, 
and data are pushed into stack storage. When the 
interrupt call is executed, a stack overflow problem 
occurs almost immediately. 

For this application, the DRT command displays the 
last 15 transactions stored in the realtime trace buffer 


(Fig 13). This display shows initial trigger occurrence, 
a memory write at address 0240, and the sequence 
of events that preceded the overflow. It is easy to 
locate the point at which an interrupt is called, and 
further analysis indicates that data have been loaded 
too close to the main program. Therefore, the stack 
space needs to be increased; that is, moved from 024AH 
to OFF. 


Summary 


In many hardware/software integration applications, 
the RTPA has proved to be an efficient support aid to 
the designer of a microprocessor based system. The 
tool allows the designer to evaluate prototype ac- 
tivity through an accurate measurement of execution 
time, center in on a particular area of program execu- 
tion without spending hours single-stepping through 
complex software code, view many aspects of software 
and hardware states while the microprocessor operates 
at full speed, and capture realtime signals external 
to the microprocessor to analyze the relationship of 
the microprocessor to outside events. Several application 
procedures emphasize the system’s dynamic capabilities 
and how they can be used to enhance the hardware/ 
software interaction process of microprocessor system 
design and development. 
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THE FAST 


STACK. 


Now... Harris offers the most 
advanced family of high-speed. 
D/A Converters in the industry. 


Recently Harris introduced the HI-562. The first D/A Con- 
verter to combine high-speed performance with true 12-bit 
accuracy. 

Now we've outdone ourselves. With two new high-speed 
models. The HI-5610, 10-bit. And the HI-5612, 12-bit. The most 
advanced line of high-speed, high-performance D/A Con- 
verters in the industry today. 

e Faster, more accurate than any existing monolithic circuit. 


e Less expensive, smaller than competing hybrids and modules. 


e With laser-trimmed nichrome resistors for added accuracy 
and stability. 
Now Harris provides you with a prime source to meet your 
most demanding data conversion design needs: A/D con- 
verters, CRT graphic displays, process control systems, 
precision instruments, data acquisition systems or communi- 
cation terminals. 


DEFLECTION (HA-2515/ 
AMPS 2635) 


Need speed? The new HI-5612 is the fastest 12-bit D/A 
Converter on the market today. 

Want superior performance? These devices are the only 
fast D/A converters to have feedback and gain setting re- 
sistors included internally. 

And now, we give you economy, too! The HI-562 is available 
at a new low price, making it price competitive with run-of- 
the-mill devices that can’t touch it performance-wise. Which- 
ever you choose, you get fast settling time, excellent linearity, 
low gain drift, and each device is fully monotonic over 
temperature. 

Available in 24-pin DIP, all three models operate on +5V 
and —15V supply voltages and +10V reference. 

Check out our new fast stack...then call the Harris Hot 
Line today. Or write: Harris Semiconductor Products Division, 
P. 0. Box 883, Melbourne, Florida 32901. 
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SUPER SCHOTTKY 


We made Schottky faster-acting 
and easier to take. 


Until now, to get Schottky speed, you had to live with certain design head- 
aches. Heavy power consumption and noise sensitivity, to name a couple. 
But those days are over. Fairchild has made a whole Schottky TTL 

logic family called Fairchild Advanced Schottky TTL. Or, FAST. It delivers 
up to 75% more speed 
than Low Power 
Schottky. Up to 20% 
more speed than 
Schottky. With only 
25% of Schottky’s 
power requirement. 


Sonowyoucan Fy 
drive more circuits 
with less power. And 
put the power you 
save to work some- 
where else. But the 
best part is, FAST 
extends the life of your 
TTL logic designs and 
equipment by cutting 
the difference between Schottky and 10K ECL to almost nothing. And with 
FAST, there's no need to learn a new logic system. 


ene FAST gives you external gate 


Poti | "PHL (na) "PLH(ns) | delays of 4-4.5 ns over the full 

aoe _ - — = 2 commercial and military temperature 

"an rT Fs | and voltage ranges while driving 
7c | 50 pF load capacitance. Internal 
mFiopc | 27 S| S29 ~—|:Ss gate delaysare 1.5 nsand power 
TAFLIPC__ 37 | 42 | consumption is typically 4 mW per 
ae oe sa gate function. Input thresholds are 
TAF6APC a8 3 ~—«CWd:«-S) Wand output drive is identical 

Typical 15 — Delays | to20mA Schottky. 


Yet, as revolutionary as FAST is, 
it's proven. It's manufactured using Fairchild’s patented, time-honored 
lsoplanar process. You can depend on it. 


The basic ingredients. 


These nine FAST parts are available now, with many more familiar 
functions coming soon. To get FAST facts, 
just call toll-free (800) 227-8158 or ee 
(800) 982-5805 in California. Or, contact 
your Fairchild sales office, distributor or FAIRCHILD 
representative. Fairchild Camera and |nstru-_ === 
ment Corporation, P.O. Box 880A, Mountain 


e 
View, CA 94042. TWX: 910-379-6435. Call Us On It. 
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INTEGRATING PERIPHERALS INTO 
PROCESSING SYSTEMS 


Diversified integration of peripherals into a processing system 

can be approached from the point of dedicated hardware to a 
particular controller function, dedicated software requiring only I/O 
lines, or a combination of both with a partially dedicated CPU 

and enough software to customize the I/O device functions 


Reinholdt J. Eufinger 


Rockwell International, Anaheim, California 


O: three design approaches to the integration of 
peripherals into processing systems—dedicated hard- 
ware, dedicated software, and a combination of the 
two—the first is usually fastest in speed of execution. 
Reading or writing a disc file can be accomplished 
by setting direct memory access controller pointers to 
the data and issuing a start command. An interrupt 
circuit is another example, since this function is per- 
formed totally in central processing unit hardware. 
With the total hardware approach, very little software 
is required to perform relatively major tasks. To be 
economical, high volumes are needed for such dedicated 
custom chips, for which no second sourcing is likely. 
However, if high volumes are the case, the dedicated 
hardware approach would be least expensive. 

In the total software control approach, general 
purpose input/output (1/0) chips perform universal 
interface functions by customized programs. For ex- 
ample, the chips are used in handshake operations to 
indicate incoming or outgoing data; however, the soft- 
ware uniquely defines their functions. Although the 
total software approach can be implemented quickly— 
in several days usyally, compared to weeks or months 
for dedicated hardware—it is probably the slowest of 
the three approaches in speed of execution. Cost is 
normally small, especially if unused capabilities exist 
in the system, such as memory or 1/0 lines. Other- 
wise, incremental hardware must be purchased, such 


as extra memory. Implementation of this approach is 
feasible in low volumes. 

Between the total hardware and total software ap- 
proaches lies a broad area in which standard central 
processing units (CPUs) are customized with software 
to perform peripheral integration functions. A second 
cpu would relieve the main cpu of the peripheral 
control burden, thus permitting more sophisticated pro- 
grams to be executed by the main cpu. The expense 
of this approach depends on particular circumstances, 
and implementation may be in low volumes. 


Methods of Data Transfer 


The need for transferring data and information exists 
regardless of the method of 1’o control. Peripheral 
interfaces require data transfer between the main CPU 
and the peripheral device. The following methods of 
transferring data and control from the main cpu to 
the peripherals should be considered. 


Normal software operation—Peripherals are polled 
in sequence by the cpu for service needs, and _ indi- 
vidual inputs are switched. The advantage is that the 
CPU program is totally in control of the sequence of 
events. This makes for simple programming. The service 
sequence is fixed by the program. The disadvantage 
is that a high speed device must wait its turn in the 
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polling sequence while other devices are serviced. Total 
time around the loop must be short enough to handle 
the high speed device requirements, which may not 
always be possible. This method may be used to control 
status lamps, selection switches sensed only at power 
on, and other devices with low service requirements. 


Programmed I/O handshake operations—When the 
CPU outputs data, it also causes a control pin to be 
set, which indicates that data are available in an 
output register. The addressed peripheral senses this 
control signal, accepts the data, and signals this 
acceptance on a second control line. This method is 
faster than the normal software operation because the 
additional hardware takes over the task of determining 
whether or not the data transfer is complete. The 
1/o device and cpu are synchronized, and both run 
at a speed determined by the slower of the two. This 
method can be used for applicable response time and 
data transfer speeds to implement many medium speed 
devices, such as printers or alphanumeric displays, or 
for intersystem communications. 


Interrupt driven—In general, the peripheral generates 
an interrupt signal to the CPU, causing the CPU to 
stop processing and to execute an interrupt service 
routine. Using this service routine, the cpu reads the 
data, processes them, and then returns to the inter- 
rupted task. Faster than the first two, this process 
allows the servicing to be ordered by the peripheral 
devices. However, more hardware usually is needed, 
and the programming may be complex. In general, 
it is used where response is required on an irregular 
basis, eg, with card readers, since the card must be 
read as it moves through the read station. In other 
words, immediate service is required because the card 
is read “‘on the fly.” 


Direct memory access (DMA)—In general, access to 
peripherals is handled easily through a DMA controller, 
significantly lightening the burden on the cpu. This 
approach is the fastest, since the cpu does not partici- 
pate in the data transfer. The controller is in charge 
of data transfer, and since that is its only task, it 
can be built for speed. It should be able to run at 
the access time of the memory, which is five to ten 
times faster than if the cpU were to make the transfer. 
The main disadvantage of this approach is the in- 
creased cost of the DMA controller. It is an additional 
part in the system and may increase the complexity 
of the memory interface. 

A novel application of DMA is an N-key rollover 
function for an encoded keyboard. Key stacking is per- 
formed via the DMA by assigning a block of memory 
to the keyboard input and pointing the controller to 
the beginning of the block. A 1000-key rollover is put 
into operation by assigning a variable length stack 
and using DMA to access the storage locations. After 
the cpu has processed the keys, it moves the DMA 
controller pointer back to the beginning of the key 
stack. 

In the real world, combinations of all four methods 
of data transfer may be used together to implement 
an 1/0 device control. An example might be a floppy 
disc controller, where the normal software operation 
or programmed 1/o handshake would be used to load 
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control registers. The DMA method would be used for 
data transfer, and the interrupt driven 1/0 would be 
used to signal completion of the operation and need 
for a new command. Realtime requirements of this 
device may entail the combined use of these methods, 
as well as its increased cost. 


Total Hardware Approach 


Dedicated hardware control for peripheral integration 
is a collection of logic gates specifically designed to 
provide a particular data transfer function. The cRT 
controller (which controls the timing for scanning, 
displays, etc) and the floppy disc controller are dedi- 
cated hardware. In general, they must be parts that 
will experience high usage at high speed, and have a 
well-defined task. In some applications, it may not be 
possible to determine from the functional specifications 
whether a controller is dedicated hardware or a pro- 
grammed cpu. Fig 1 is a block diagram of a floppy 
disc controller that represents the dedicated hardware 
approach. 

Custom hardware is expensive and requires a lead 
time of six to nine months to produce. However, it 
provides the fastest form of peripheral integration and 
requires the least amount of software. The primary 
reason for designing new hardware controllers is the 
time factor of cpu loading. In many instances, the speed 
(throughput) of cpu technology does not permit the 
interface to be handled in software, even with a dedi- 
cated cpu. A dedicated hardware approach, for a given 
technology, is faster because the hardware takes ad- 
vantage of the custom data path and parallelism of 
the hardware controller, but does not require the in- 
struction fetch time. Only execution time is required. 

Hardware is selected over software processing be- 
cause of the software complexity required to simulate 
some logic functions. If program size exceeds the 
memory space available in a single controller or mi- 
croprogrammed chip, a new hardware design is justi- 
fied. If the hardware controller under consideration 
already exists, the capabilities of the cpu may be 
extended through use of dedicated hardware to control 
the peripherals at minimum cost. 

As microprocessors become faster and more powerful, 
the gap between the total software and total hardware 
approaches is closing. More realtime physical phe- 
nomena are now falling within the range of programmed 
control. A dot matrix printer controller is an example 
of total software control by programming. Another 
example is the counting loop in an R6500 n-channel 
microprocessor. 

An example of dedicated hardware, a 1-MHz up/ 
down counter, has been placed on a _ pps-4/1 chip 
and runs essentially in parallel with the microproces- 
sor. A quadrature input mode allows this counter to 
be used for many industrial control applications with- 
out additional logic. Typical applications may use an 
optical encoder, such as numerically controlled ma- 
chine tools. This chip with the counter may also be 
used in scales and other weighing devices, or in 
counting or speed/position controlling operations in 
industrial applications. 
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Fig 1 PPS floppy disc controller. Dedicated hardware approach is demonstrated by controller 
implemented with fixed logic. It controls formatting, error check address comparison, and data 
transfer between PPS-8 microprocessor memory and IBM 3740 formatted floppy disc. Oper- 
ation is performed in parallel. with normal CPU operation so that only 12.5% of system 


time is required during actual data transfer 


Total Software Approach 


In a total software approach, a main CPU program 
is responsible for the peripheral control task, and 
only general purpose 1/0 lines are needed [Figs 2(a) 
and (b)]. Generally, the software approach is used 
for functions that are relatively slow and simple, like 
those involving human interaction with the microproces- 
sor, such as operating a keyboard. 

If only output switching is required, the cpu could 
perform the task in the same amount of time that it 
would take a dedicated controller. However, for most 
tasks, several instruction fetch and execution operations 
are required, each taking several cycles. The software 
approach also generates a high load on the CPU time, 
and software must be written for the main CPU. 


The software approach is the lowest cost approach, 
especially if unused ROM and 1/o pins exist. General 
purpose 1/0s, such as parallel interface adapters 
(pIAs) and serial channels, have nonspecialized func- 
tions at low cost. These devices are produced in high 
volume, and nonspecialization allows for small die 
size. 

Very short lead times are provided by the software 
approach. Depending on the control, it may be pos- 
sible to write a software routine and debug it in a 
matter of hours, if off-the-shelf peripherals and existing 
memory can be used. It is possible to execute a func- 
tion stored in RAM as soon as the program is written 
into the system. If the required RAM and 1/0 lines 
already exist in the system, the program could be 
stored offline, on floppy discs for example. 
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Design care is needed to include only enough power 
(and expense) in the main cPU to justify the system 
task—and no more. It is easy to spend more on the 
CPU expecting to justify the increased cost and soft- 
ware to handle an 1/o function. A better approach 
may be to offload the cpu, or to use two less costly 
cpus to handle 1/o functions. 

Peripheral controllers, primarily dedicated hardware 
just a few years ago, are now more often designed 
as a custom program in a relatively universal cPU. 
Printers and cassette tapes, for instance, can now be 
handled totally in software. Figs 2(a) and (b) depict 
a keyboard scanning technique using general purpose 
1/0 software control. 


Combined Hardware and 
Software Approach 


The combined hardware and software approach (Fig 
3) generally uses a standard cpu with customized 
software to handle the peripheral integration function. 
A cpu dedicated to a particular task is not as fast 
as a customized hardware controller. Several instruc- 
tions may be required to fetch and execute in the 
cpu, while in custom hardware a single execute could 
perform the same function. 

To use a dedicated cpu requires only that the con- 
trolling program be written within the cpu and _ that 
the main program be provided with a communication 
program to the cpu. The increased parallelism of using 
multiple cpus allows multiple tasks to be handled. 
However, a second cPu also increases the cost. 

The application trend is to multiple cpu systems 
with each cpu dedicated to a specific control task. 
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Again, this is due to an increase in the speed and 
power of the cpu, in particular to the advent of the 
l-chip microprocessor. With one chip, it becomes reason- 
able to put custom programming into read-only 
memory (firmware). Less programming is needed for 
the main cpu, but read-only memory (ROM) codes 
are needed for the particular 1-chip peripheral con- 
troller function in question. In some cases, a dedicated 
program is included with the one chip, as for turning 
the pps-4/1 or 6500/1 into a dedicated printer con- 
troller. 

Lower costs of fast and powerful microprocessors in- 
crease the range of applications. A new device is a 
microprogram controller, in which a cPU design may 
be customized to perform a dedicated 1/0 function. 
This controller, although similar to a multichip bit 
slice, is preferable because it is a l-chip system and 
does not suffer intercircuit delays. At least a 10-to-1 
speed “penalty” is incurred when going to more than 
one chip due to increased circuit capacitance. Propaga- 
tion of carry, for example, takes place 10 times faster 
on a single chip than between chips. With bit slices, 
eight 1-bit slices are needed for one byte, two 4-bit 
slices for one byte, etc. The microprogram controller 
is being used in several custom controllers, such as 
floppy disc controllers. 


Factors Affecting Hardware/ 
Software Tradeoffs 


In determining whether to choose dedicated hardware, 
dedicated software, or some combination of the two, 
tradeoff factors should be evaluated. Availability of 
software and hardware resources, main cPU loading, 
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Fig 2 Keyboard encoding and software. Software approach is demonstrated by keyboard 
encoding (a) using general purpose I/O devices. Eight output lines are turned on se- 
quentially, but only one at a time. Switch contacts are sensed by input port. Heavy line, 
output line 3 (side B), is on as shown, and closed switch connects this line to input 4 
(side A). Switch position is then sensed by program which identifies output line and 
returned value. Typical R6500 software routine (b) drives keyboard through 6520 parallel 
interface adapter. Program contains initialization routine as well as keyboard sampling loop 
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time restrictions, and costs are prime factors impinging program microcomputer can handle the details of print 
upon the selection. control. 


Hardware resources—A floppy disc controller, for ex- 


Resource Availability ample, may be available if that function is needed. 


Software resources—Ilf staff programmers cannot pro- Certain tasks then are offloaded from the main CPU 
gram the desired 1/o function, then consultants must onto dedicated peripheral controllers; other controllers 
be contracted to aid in the interfacing task. Otherwise, include keyboard encoders, printers, and serial com- 
a complete peripheral must be bought to perform the munication boards. They permit the main CPU to per- 
particular function. For instance, a matrix printer form increasingly complex tasks. This is not a feasible 
with either a dedicated hardware controller or a custom approach, if no dedicated controller is available, ie, 
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Fig 3 General purpose microprocessor with counter. Combined hardware/software approach is illustrated by mi- 
croprocessor combined with dedicated hardware up/down counter. Instruction added to PPS-4/1 microprocessor 
instruction set allows processor to access counter, which has 8-bit 1-MHz up/down counter and lower speed 
counter. They may be used separately or connected together to provide full 16-bit up/down counter. High speed 
counter inputs may be used as both count input and direction control input, or may be used in quadrature mode 
where two input signals of same frequency have 90° phase shift between them. Latter type of input is found 
in relative position encoders such as shaft angle encoders 


81 


to control a spectrum analyzer. When software drivers 
are available, they obviously do not have to be recon- 
structed with teletypewriter drivers, for example. 


Main CPU Loading 


A cpu bound system (ie, the cpu is fully loaded and 
cannot accept any more software) may be relieved 
by additional hardware to perform some of the periph- 
eral functions. In a printing function, an auxiliary CPU 
could be dedicated to a particular peripheral con- 
trolling task. The cost of hardware versus a relatively 
free software controller is offset by the increased 
throughput of the cpu. 

The opposite of being cpu bound is being 1/0 bound 
(ie, the cpu is idle most of the time, waiting for data). 
This situation can be overcome by having the cpu 
perform some of the peripheral functions by obtaining 
the data itself. If the program is waiting for keyboard 
input, it may be better to have the cpu perform the 
keyboard encoding function [Figs 2(a) and (b)] rather 
than use a dedicated keyboard. 


Time Restrictions 


Time restrictions may dictate a hardware approach. 
In some realtime situations, there may not be enough 
time for input, test, and output, which could take 
several CPU cycles. For the floppy disc controller, cur- 
rent microprocessors that use a total software approach 
are not capable of maintaining both the data transfer 
rate and the data checking of 1BM 3740 compatible 
floppy discs. In this situation, the use of dedicated 
hardware is justified. In the case of pps-8 microproces- 
sors, the floppy disc controller performs all tasks for read- 
ing and writing a sector of data from the floppy disc 
into memory. That is, it reads track and sector identifi- 
cation information, monitors the cyclic redundancy 
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check characters to verify the information, and when 
the desired address is encountered, transfers and checks 
the data. All these functions are performed on a variable 
track format, variations of which include full 1m 3740 
compatibility. The disc control task runs independently 
of the main CPU. 


Costs 


Primary factors affecting cost as the designer moves 
from a total software to a total hardware approach are 
(a) programming time and effort; (b) ROM mask 
charges or programmable ROM (P/ROM) programming 
charges, if software is not loaded into random-access 
memory (RAM); (c) hardware design; and (d) for 
the total hardware approach, expensive design and 
development costs of integrated circuit (1c) vendors 
or metal-oxide semiconductor/large-scale integration 
designers. When machine time and software space are 
available, the software approach should be least ex- 
pensive. Furthermore, in estimating a programmer’s 
time as opposed to a logic designer’s time, even if the 
design time is approximately equal, hardware fabrica- 
tion time must be added in order to customize the 
devices. When software is written and debugged, it 
can be placed in RAM and is ready to start working; 
after a logic design is completed, however, the masks 
and semiconductor processing must then be started. 

In general, it is inexpensive to purchase ROM. Memory 
device costs are a direct function of area. Since ROM 
cells are an order of magnitude smaller in size than 
RAM cells, the cost per bit is accordingly less. 

ROM incremental costs must also be considered. For 
instance, if the program overflows the memory boundary, 
adding extra hardware would suffice. However, the cost 
of an additional byte or two of Rom over the boundary, 
4k at present, is expensive because area must be 
bought in increments; this situation is also true of 


Fig 4 Microprogram controller 
block diagram. This controller 
uses wide control ROM to cus- 
tomize I/O controller, allowing 
general set of registers and data 
paths to be controlled in parallel 
for increased speed. Logic 
changes, for example to alter 
controller function, may be im- 
plemented in control ROM (soft- 
ware) instead of redesigning 
custom hardware logic. In this 
way, design cycle is minimized 
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RAM space. As ROMs get larger than 4k, the boundary 
problem will lessen. Incremental costs also apply to 
1/o lines. Both memory and 1/o lines are available 
in fixed quantities. If the boundaries are exceeded, as 
with memory, an additional 1/0 line will be expensive, 
and may not even be available. 

If the volume requirement of the user’s application 
is large, then development costs are justified since 
the unused functions of the main or secondary cpu 
can be eliminated. This elimination will result in re- 
duced chip area. Most applications not limited by the 
speed factor being state-of-the-art (ie, if the application 
can be handled by software at one-tenth of the cpu 
clock speed) can be accommodated by the general 
approach of a secondary cpu, as for example, the 
l-chip microprocessor or microprogram controller. An- 
other condition would be when the cost difference be- 
tween a secondary cpu and a dedicated hardware con- 
troller is in favor of the secondary cpu. 


Microprogram Controllers 


A microprogram controller (Fig 4) customizes the 
instruction set toward a particular task. One of the 
characteristics of microprogram controller architecture 
is a very wide word (32 to 40 bits) in the control 
ROM. Individual bit fields are used to control the 
specific registers within the machine. Thus, by encoding 
the control rom, the controller may be customized to 
perform specific tasks and become minifloppy disc con- 
trollers, printer controllers, and communications inter- 
faces. Another characteristic of the architecture is that 
each instruction requires only one word of microcode 
and executes in one clock cycle. By contrast, conventional 
fixed architectures may require several CPU clock cycles 
and many memory accesses to perform an equivalent 
instruction. 

Since direct control of all gates and registers is 
available, it is possible to create combined operations 
or instructions in the microprogrammed architecture. 
Microprogrammable control allows a standard layout 
of registers and control gates to be customized for a 
desired logic function, eg, the microprogram controller 
contains special instructions to perform the cycle re- 
dundancy calculations used in discs and communications 
interfaces. 

Two classes of microprogrammable control are a 
fixed control store coded in ROM, with a 32- to 40-bit 
or wider word, and a writable control store coded in 
RAM, which may also be a wide control word, 32 to 
40 bits. The latter is used in an emulation function or 
a variable operation. The flexibility of loading a task 
to any of a number of different microprocessor con- 
trollers is available; however, the writable control 
store operations in microprogrammable controllers 
have not been successful to date. 

The reason for staying in fixed control stores is 
that, for a given chip area, ROM of an order of magni- 
tude greater than RAM is available. This means _ that 
if 1k bytes of control store are needed in ROM, it would 
be one-tenth the size needed in RAM. Therefore, it is 
preferable to stay with a fixed control store to be 
able to handle a more sophisticated control task be- 
cause of larger ROM. 


In microprogramming, addressing the next bit of 
information or control word requires care. One solution 
involves placing the address of the next control word 
within the current control word. Then, a portion of 
the control store is loaded into the program counter. 

The speed of a microprogrammed controller will, 
in general, be faster than the fixed instruction set in 
the cpu because instructions are customized for the 
task. For example, sending information to X and Y 
registers simultaneously takes one instruction with the 
microprogrammed controller, while it takes several 
instructions in a fixed instruction set. The wide control 
word allows parallel operation; that is, all information 
is accessed in parallel with the op code instead of 
using several fetches for each instruction. The op code 
and information, eg, branch address, are fetched in 
parallel for the microprogrammed controller as op- 
posed to sequentially as in the conventional approach. 


Summary 


In general, a transition toward cpus dedicated to tasks 
is emerging. The circuit density of ics has been 
doubling every year for the past 14 years, and the 
speed of each function has been increasing accordingly. 
The integration of peripherals into systems is under- 
going a rapid change. Architectural alterations, such 
as memory-mapped 1/0, are increasing the throughput 
of software peripheral controllers. Previously, for an 
1/0 register to shift or increment, several steps were 
necessary involving the accumulator where the shifting 
and incrementing occurred. Memory-mapped 1/0 allows 
shifting and incrementing to be performed directly on 
the peripheral ports. 

Dedicated hardware is being included in general 
purpose devices. Notably, interval timers and counters 
are appearing in RAM, ROM, 1/0, and timer combina- 
tion chips, and as additions to 1-chip microcomputers. 
These l-chip microcomputers are primarily cost-saving 
devices, since the architecture and instruction sets are 
based on proven multichip designs. 
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WIDEBAND COMMUNICATION SYSTEM 
IMPROVES RESPONSE TIME 


Interactive multiple-access data communications system provides 

full-duplex transactions over VHF coaxial bus to dispersed 

peripherals. Under minicomputer control, wide bandwidth, high 

data rates, and fast response time furnish immediate information 
throughout a nonswitched multipoint link, all at low cost and high reliability 


James F. Wanner 


PROMIS Laboratory, Burlington, Vermont 


A data communications system has been designed to 
support the Problem-Oriented Medical Information Sys- 
tem (PROMIS)—a computerized health information sys- 
tem that furnishes effective organization of medical data 
and coordination of health care delivery.t Large and 
comprehensive, the data base is structured to facilitate 
immediate access as required for decisions and to sup- 
port performance audit with feedback for correction of 
deficiencies. The data base also contains patient-specific 
information that is widely accessible to all requestors in 
order to provide close coordination of health care ac- 
tivities. Rather than provide research style access to the 
data base, the system presents cathode-ray tube (crT) 
text displays, each of which provides multiple choices for 
selection of next display and for various actions. Mega- 
data str 1000 touch-screen terminals are used; the user 
can simply point to, and actually contact the desired 
selection. The touch-sensitive outer screen detects the 
finger touch and determines its position. 

To support system terminals, as well as other periph- 
erals such as printers, minicomputers with large disc 
storage capacity and high speed data communications 
capability are employed (Figs 1 and 2). Each minicom- 
puter supports about 30 terminals and several minicom- 
puters may be interconnected to provide coordinated 
service to several hundred terminals. Data communica- 


itons lines may be extended up to 20 mi (32 km) by 
cable and further extended with microwave links. 


Communications System 


Communications between computers and terminals or 
other peripherals are usually restricted in data rate or 
in length. A voice-grade telephone line can carry data 
almost anywhere, but is limited to a data rate of 9600 
bits/s. A crT display can be transferred in about 1 s 
over a telephone line, but PROMIS requires a total re- 
sponse time of 250 ms for data communications and 
selection processing combined, about 50 ms of which are 
available for data communications. Even a special data- 
grade telephone link at 50k bits/s would be too slow. 
Special peripheral interconnections provided with com- 
puters operate at much faster rates—often megabits /s— 
but cable length restrictions typically require the periph- 
eral and computer to be located in the same room. The 
PROMIS communications system has been designed to 
provide 50-ms transfer times for typical 800-character 
crT displays and serve dispersed locations within a com- 
munity—usually within a 20-mi (32-km) radius. A 
very high frequency (VHF) 2-way coaxial bus is em- 
ployed to provide many inexpensive interconnect ports. 


85 


HIGH SPEED 
LINE PRINTER 


300 - MEGABYTE 
DISC DRIVES 


MEDICAL COMMUNITY 
(UP TO 20-Mi RADIUS) 


-PROMIS LINE —= 
ADAPTER DIGITAL DATA 
£45298 SIGNALS 


—____ MODULATED 
VHF SIGNALS 


REMOTE UP TO 30 TERMINALS 
(OR EQUIVALENT LOAD 
| I SEE TABLE 1) 
PRINTER FLOPPY 
DISC 


HEADEND DIGITAL DATA 
SIGNALS SIGNALS VIDEO * 
SIGNAL 
nie MIDBAND VHF 
MODULATED ER: 
| VHF SIGNALS 
PATCH 
PANEL Li iS 
FROM 
Cd + | | aewor 
a 4 | CAMERA 
2-WAY VHF COAXIAL BUS 
REMOTE J) 2- WAY LINE EXTENSION AMPLIFIER Cy 
SIGNALS | ¢ 
CR_oVHF SIGNAL TAPS Ch) 


VHF SIGNAL SPLITTER 


86 


COMPUTER DESIGN /DECEMBER 1978 


Fig 1 PROMIS computer 
hardware schematic. Univac 
V77-600 has 16-bit word 
with basic cycle time of 
about 750 ns. Peripherals 
are divided into system re- 
sources in computer room 
(mass storage discs, high 
speed line printer) and 
medical applications de- 
vices geographically dis- 
tributed (CRT terminals, 
printers, floppy discs, etc) 


Fig 2 VHF signal bus 
headend patch panel. Key 
element is passive device 
(usually called a_ splitter) 
which divides or combines 
VHF signals with typical 
loss of only 10%. VHF sig- 
na's of various frequencies 
are thus flexibly combined 
onto a single cable. In par- 
ticular, switching all de- 
vices connected on a cable 
from one to another (eg, 
for backup during hardware 
repairs) is accomplished by 
moving single coaxial jump- 
er from one tap to another 


Modems are available to convert between serial digital 
data and modulated VHF carrier signals, as well as pro- 
grammable controllers to manage peripheral devices that 
operate at remote interconnect ports. This arrangement 
not only allows easy relocation of devices, but also re- 
places much controller hardware normally required in 
the computer mainframe. 

Although a vHF bus has been used previously for data 
communications, it has served primarily as an improved 
replacement for telephone lines.?:*:+> Therefore, the com- 
puter and peripheral equipment from standard telephone 
communications systems have been implemented, but the 
higher data rates available on the VHF bus were not ex- 
ploited. In promis, high speed vHF bus communications 
provide responsive, reliable service, not just to devices 
located in the computer room, but to remote peripherals, 
situated where they are most needed. 


VHF Signal Bus 


A VHF signal bus can be easily built from 75-Q coax cable, 
line amplifiers, splitters/summers and other parts produced 
for the community antenna television (CATV) industry. 
Cost is low because of large demand (total parts cost in a 
complete VHF bus system recently installed was below $20 
per port), and reliability is high [mean time before fail- 
ure (MTBF) of at least 100,000 h]. Two-way communica- 
tions on a single coax cable are available, supported by 
line extenders that amplify higher frequencies in one di- 
rection and lower frequencies in the other. A typical VHF 
bus carries 50-MHz to 300-MHz signals outbound and 5- 
to 30-MHz signals inbound, and may be extended up to 
20 mi (32 km) from the cable headend. PROMIS occu- 
pies a 3-MHz bandwidth in each direction for data com- 
munications; therefore, on the same cable, 16 television 
channels and many frequency modulation (FM) stations 
are carried along with the outbound data, and a closed 
circuit TV (CCTV) signal shares the inbound band with 
the data signals. 

VHF signal splitter/combiner units constructed of pas- 
sive components are efficient and inexpensive (less than 


DATA BITS (5 TO 8) 


SERIAL 
DATA 


$2 for a one-to-two splitter). When used with push-on 
coax connectors, these splitters allow flexibility in the 
construction of patch panels from which signals can be 
selected for a cable system (Fig 2). All components used 
for the PROMIS VHF bus are commercially available, reli- 
able, and inexpensive; furthermore, since this equipment 
is widely used for TV signal distribution, installation and 
maintenance services are available from local companies 
in most cities. 


Access to the VHF Bus 


Simple full-duplex modems that modulate and demod- 
ulate digital signals on VHF carriers have been developed. 
These use frequency modulation of the VHF carrier sig- 
nals (51 MHz outbound, 28 MHz inbound) and operate at 
307,200 bits/s. To minimize errors, an isochronous serial 
character format is used (Fig 3) wherein each character 
has a start and stop bit as asynchronous characters do, 
but the modem also supplies a data clock, as is usual for 
synchronous serial communications. This clock is pro- 
duced using a flywheel oscillator that is resynchronized 
by each transition of the data signal (at least once each 
character, due to the start and stop bits). This iso- 
chronous format is more efficient than the usual synchro- 
nous self-clocking schemes, such as Manchester, in which 
the channel signal rate must be doubled to include the 
clock with the data in a single serial channel.® It is also 
much simpler than synchronous communications, since 
initial synchronization and fill characters are not re- 
quired. The modem is connected to the VHF bus with a 
single coax drop cable and push-on connector (Fig 4), 
which can be moved between taps by any operator with- 
out disrupting other users on the bus.? 


Line Control Protocol 


In a high speed vHF bus environment, line control 
protocol can be based on the following assumptions: 
(1) communications errors will be rare, (2)  retries 
following errors may be initiated automatically, and 


OPTIONAL 


Fig 3 Isochronous serial character format. Identical to asynchronous except that it requires clock signal 
(as does synchronous). Start and stop bits in isochronous format reduce effective data transfer rate, but 
permit simple clock regeneration from data transitions alone since at least one transition occurs with each 
character. Data can then be modulated onto single channel with data capacity equal to clock rate, and 
clock can be recovered from demodulated data. Synchronous format, in which start and stop bits are miss- 


ing, requires single channel capacity of twice clock 


communications 


rate for successful modulation/demodulation data 
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(3) operators can be free to move peripherals from one 
location to another and continue without any protocol 
access (sign-on) requirements. On a nearly error-free 
communications link, the protocol can be limited to line 
access control, with introductory handshaking minimized. 
Since the data rate is 307,200 bits/s, polling ovethead is 
minimal—even when many unused poll addresses are 
included in the poll list. 

PROMIS line control protocol is presented in the style 
of Anst Standard X3.288 (Fig 5). It is a simple polling 
protocol with minimum overhead. A unique poll address 
is assigned to each peripheral operated on the line, and 
a sequential poll address list is used. If a device is not 
in service, a poll with its address yields no reply, and is 
passed over subsequent to a response timeout. Polls to 
peripherals on the line are answered with a single NAK 
(not Acknowledge) character unless the peripheral has an 
input message, in which case this message is transmitted 
in response to the poll. When an output is required; 
polling is suspended, the output message is broadcast 
from the line controller, and the target device must 
recognize its address and accept the message. A single 
AcK (Acknowledge) response indicates successful receipt 
of a message; a failure leads x retrial of the messagé 
transmission. 
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Fig 4 Block diagram of Sperry Univac 
E4246 high speed cable modem.’ Modulation 
at 28 or 51 MHz consists of small frequency 
shift, up for serial data true, down for false. 
Modulated signal passes to VHF bus only 
when Transmit Enable is true. Demodulation 
of 51 or 28 MHz signals is valid when the am 
detector/comparator senses adequate signal 
strength. Frequency shifts are converted by 
the fm detector/comparator into serial true 
and false signals. Serial data also synchro- 
nizes clock generator. Filters isolate modu- 
lator output and demodulator input (one is 
28 MHz, the other 51 MHz) 


To detect transmission errors, a parity bit accompanies 
each character (Fig 3) and any parity error detected 
nullifies the entire message. To guard further against 
misidentification of the source or destination of a mes- 
sage, the crucial poll address is duplicated wherever it 
is used. 


Digital Communications Hardware 
and Software 


Two devices make up the mainframe communications 
controller, a data communication multiplexer (MUX) and 
a line adapter (Fig 1), The MUX supports up to four line 
adapters, each operating at 307,200 bits/s; the line 
adapter handles the line protocol, including polling, so 
that computer system software overhead is minimized. 
Since many CRT terminals are used for the application, 
each terminal has its own special line control hardware 
to manage transfets of blocks of data characters on the 
data. communications line. This management includes 
recognition of messages targeted to the terminal, and 
sending messages from the terminal in response to its 
poll (Fig 5). For other peripherals, a remote controller 
is used (Fig 6). This device interfaces a programmable 
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Fig 5 PROMIS communications control protocol. Many peripherals are attached to nonswitched, multipoint link. 
Computer mainframe serves as control station and may select any peripheral and immediately transfer a message 
to it. Alternatively, computer may poll peripherals in turn to allow peripheral to gain control and transfer message 
to computer. Successful (error-free) transfer acknowledgement terminates peripheral selection while transfer fail- 


ure is always retried 


PERIPHERAL CONTROLLER 


PROMIS LINE PROTOCOL 
PROCESSOR 


SERIAL 
PERIPHERAL 
INTERFACE 


PARALLEL 
PERIPHERAL 
INTERFACE 


Fig 6 Remote controller 
functional block diagram. 
Each remote controller has 
control program in_ eras- 
able programmable read-only 
memory (EPROM) to manage 
specific peripheral device, 
such as a printer or floppy 
disc ; : 
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Communications System Model 


Communications request sequence for PROMIS can 

be broken into the following steps: 

1. Device prepares message for transfer to computer. 
This represents start of communications for a 
request 
Device waits for line if it is busy. From single 
server queuing theory, average wait is function of 
average busy duration (or average line service 
time) S, and fraction of available time that line is 
in use, p: Wait for Busy Line = Sp(1-p)* 

Device waits for its poll address. Average wait 
is half the total poll cycle of N addresses with 
single address po'l time of P: Wait for Poll = Y2NP 
Device transfers inbound message. Time depends 
on average number of input characters (I), and 
line data rate (D): Inbound Transfer Time = I/D 
Computer accepts input, restores polling. This over- 
head may vary with computer load, but can be 
approximated as fixed delay (X) 
Computer prepares next output message. For eval- 
uation of communications performance, this is as- 
sumed to require fixed time (B) 
Computer waits for line if it is busy. This is identi- 
cal to Step 2 
Computer transfers outbound message. Transfer 
time depends on average number of output char- 
acters (O) and line data rate (D): Outbound Trans- 
fer Time = O/D 
Device receives message. This concludes com- 
munications associated with one request 
Wait for a busy line depends on average busy dura- 
tion (S) which can be expressed as average of input 
and output transfer times (Steps 4 and 8) plus fixed 

input processing overhead, X (Step 5): S = ¥% (I/D + 

X + O/D). 

Average communications service time per request 

(Tc) is sum of above items (excluding Step 6, computer 

processing time): 


Te = Sp(1 — p)* + NP + I/D + X 
+ Sp. (i — p)* + O/D 

or 

Te = 2Sp(1 — p)* + YNP + 2S 


Fractional line usage (p) can be found from service 
request rate (Q) and average service time per request 
(2S). Interval between requests for a single user is 
communications time (Tc) plus computer processing 
time (B) pilus user “processing” time (or output re- 
ceived to next service request de!ay) (M). Thus, service 
request rate for U active users is: Q = U/(Te + B + 
M), and fractional usage becomes: p = 2SU/(Tc + 
B +M). 

By substitution for p: Tc = 4S°*U(Tc + B + M — 
2S)" + YeNP + 2S. (Eq 1) This quadratic equation has 
been solved for Tc as a function of U, to iliustrate 
the performance expected from the PROMIS Communi- 
cations System (Fig 7). 


peripheral controller to the line, so that the peculiarities 
of each peripheral can be managed by the program in 
the controller. The peripheral software control module 
and the controller hardware usually operated for each 
device in the computer mainframe are thus largely re- 
placed by the remote controller, and peripherals can be 
located wherever a cable bus tap is available. 

Although most of the device-specific control resides 
in the terminals and remote controllers, and most of the 
line protocol is provided by the line adapter hardware, 
certain functions such as MUX and line adapter set-up, 
interrupt processing, application task interfacing, and 
error reporting remain in computer control communica- 
tions software, with appropriate modules added for the 
PROMIS line adapter. Device-specific control routines to 
deal with error recovery, status reports, and perfor- 
mance monitoring are also used. 


Communications System 
Performance Theory 


To predict system performance under design condi- 
tions, as well as overloads, a worst-case model has been 
developed (see “Communications System Model”). Pri- 
mary parameters are line data rate, average load, and 
response time. Structure of the load is less important, 
since short messages appear from the model to entail 
about the same overhead as long messages when the 
average load is the same. 

To evaluate performance as predicted by the model, 
the terminal used for data base enquiry has been defined 
as a unit load. From measurements of actual use, an 
average enquiry transaction includes an 8-char input re- 
quest followed by an 800-char display output. Typical 
users take an average of 2.5 s to study a display and 
request the next display, and the computer request pro- 
cessing time is about 200 ms.! Therefore, the average 
communications capacity required per unit load is about 
300 chars/s. Other common peripheral loads can be ex- 
pressed in terms of this unit load based on the average 
data capacity required (see Table). 

For the interactive PROMIS enquiry system, an un- 
usually fast response time of 50 ms is allotted to com- 
munications in a typical request involving transfer of 
about 800 characters. This responsiveness is also appro- 
priate for other peripherals, such as those listed in 
the Table. The line data rate is selected to support about 
30 load units with the required response time, and is set, 
for convenience, at 32 x 960 or 30,720 char/s. This is 
well below the capacity of a VHF channel, which is at 
least 2 x 10° bits/s.7 If communications system overhead 
is ignored, the maximum data capacity is about 100 unit 
loads. 

From the model (see “Communications System 
Model”), performance of the communications system can 
be predicted for the parameters indicated above. Fig 7 
shows communications time and utilization of capacity 
as functions of load. Response times assume that the num- 
ber of addresses polled is twice the number actually in 
use, which should overestimate polling overhead. 

Fig 7 also shows the characteristics of a polled line, 
with the communications overhead time growing slowly 
until maximum line capacity is approached, at which 
point the wait for a busy line becomes a major factor. 
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Fig 7 Predicted communications performance. Average communications time, Tc, for typical request, and fractional 
line usage, p, are shown as function of load, as predicted from Eq 1.* Following parameters are assumed: line data 
rate, D = 30720 char/s; input message length, | = 8; output message length, O = 800; input computer overhead, 
X = 5 ms; computer request processing, B = 200 ms; user request preparation interval, M = 2.5 s; average single 
poll time, P = 180 us; and number of addresses polled, N = 2U (number in active use). Usage, p, increases nearly in 
step with number of active users, U; however, communications time increases very slowly with U until usage exceeds 
50% (p = 0.5). For example, doubling number of users from 15 to 30 increases communications time only 30%, (41 to 
53 ms) while doubling the users again (from 30 to 60) increases communications time 100% (53 to 105 ms). Thus, 
high speed polled line remains very responsive over considerable load variation, and degrades gracefully when over- 
loaded 


*See ‘Communications System Model"’ 


TABLE 
Communications Loads of Peripherals 


Approximate Average Estimated 
Active Peripheral Characters/ Request Request Interval Load Units 
Enquiry CRT terminal 808 2.78 1 
Edit CRT terminal 4000 60 s % 
Character printer, (120 char/s) 2000* 20% % 
Line printer, (200 lines/ min) 2000* Tite 1 
Floppy disc 2000* 3 06s 2 


*Block data transfer to a remote controller is assumed 


Note that at a design load of 30 units, line utilization is 
only about 35%. On overload, the line should degrade 
gracefully, since on a polled line, service requests queue 
at the communications system/device interface and not 
in computer software; therefore, the effect of overload- 


ing is to increase communications service time which, 
in turn, decreases the effective service request rate. This 
request rate should be further reduced by an inevitable 
but unpredictable increase in computer request processing 
under heavy load, a factor that has been ignored here. 
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System Implementation 


Three VHF bus systems as described previously have 
been in use for the past two years, serving 30 terminals 
and three printers. Observed response times have been 
consistent with the model, although heavy loads have 
not yet been encountered. Precise evaluation is difficult 
because of the statistical nature of the model and the 
variability of the load during use. However, measure- 
ments made during average loads of about 10 load units 
yield average communications service times of 37 ms, 
During these measurements, 60 addresses were polled, 
and under these conditions, the model predicts an average 
service time of 35.7 ms. 

System reliability has been monitored in various ways. 
The main VHF bus systems are installed in a large hospi- 
tal complex with trunks passing through the main ac 
switch room, boiler room, and x-ray department, ie, in 
many areas with electrical noise potential. In addition, 
one hospital ward uses entertainment signals from the 
VHF bus, and the constantly changing receivers intercon- 
nected by patients represent potential sources of noise 
interference. Finally, communications errors often occur 
when peripherals are powered up or down while they are 
connected to the line. The bit error rate measured under 
these conditions has been 4 in 10%. These errors are at- 
tributed to line noise interference, since the modems on 
the test bench run without error (less than 1 in 101"), 
The observed error rate for a typical active terminal 
translates into one communications error every 35 h. 
Since retries are usually completed automatically in less 
than 200 ms, terminal users are rarely aware of line 
errors and the communications system can be considered 
nearly error-free. 

On the basis of a single line amplifier failure, the 
VHF bus MTBF has been 140,000 h, which far exceeds 
that for typical computer equipment. The modem MTBF 
has been 13,000 h based on prototype units, although 
only 25% of the failures were due to component mal- 
functions while the others were due to modem misadjust- 
ments. The latter have decreased in frequency over the 
past year so the MTBF given may represent a lower limit, 
especially for the production modems. Thus the commu- 
nications hardware is very reliable, equal to or better 
than the other equipment served by the communications 
system. 

One special type of failure that attends a polled, multi- 
drop communication line deserves mention. If any device 
fails and transmits either at random or continuously, not 
only does the line fail, but retries of errors are impossible 
because the guilty location cannot be identified. The only 
cure is to unplug each device in turn, until the faulty 
transmission clears and the line begins to function again. 
Fortunately, this failure mode is rare. PROMIS Laboratory 
uses two fully redundant cable systems so that in the 
event that one fails, the other provides uninterrupted 
service. 


Summary 


The PROMIS communications system illustrates an al- 
ternative to traditional restrictions on the remote op- 
eration of computer peripherals. Components required to 
implement this system are not as familiar or as widely 
available as those used with telephone data communi- 
cations; however, commercial sources are availab'e for 
all components. The vHF bus provides responsive, reliable, 
and inexpensive communications for peripherals located 
throughout a complex of buildings or across a com- 
munity. This powerful system can greatly enhance com- 
puter services for medical, industrial, academic or com- 
mercial applications where geographically dispersed pe- 
ripherals are required. 


References 


1. J. R. Schultz, “promis: Problem Oriented Medical Informa- 
tion System,” The Cosers Report, Mit Press, 1978 

2. D. G. Willard, “A Time Division Multiple Access System for 
Digital Communication,’ Computer Design, June 1974, p 79 

3. P. W. Blackwell, “Voice, Video and Data Go On Cable at 
Dow’s Texaco Division,” Communications News, Apr 1976 

4. “Broadband Coaxial Systems Provide Ideal Medium for Data 
Communications,” Communications News, May 1975 

5. V. A. DeMarines and W. H. U. Lawrence, “The Cable Bus 
in Data Communications,” Datamation, Aug 1976, p 89 

6. “Manchester Transition Tracking Loop,” Tech Brief, Computer 

Design, Oct 1977, p 124 

A. A. Schwartz, “Hardware Performance Specification, High 

Speed Cable Modem E4246,” Sperry-Univac Minicomputer 

Operations, Irvine, Calif 

8. anst X3.28, “Procedures for the Use of the Communication 
Control Characters of American National Standard Code for 
Information Interchange (Asci1) in Specified Data Communi- 
cations Links” 


~] 


Acknowledgement 


This article describes only a small segment of a large health care 
delivery system, built not by the author alone, but by a coordi- 
nated team of computer and medical personnel both within and 
outside promis Laboratory. The project has been funded pri- 
marily by the National Center for Health Services Research, 
OASH, DIEW. Prototype modems were developed by David Willard 
and Paul Wagner, mitre Corp, Bedford, Mass. 


James F. Wanner is hardware coordi- 
nator at PROMIS Laboratory where his 
responsibilities include hardware speci- 
fication, design, procurement, and main- 
tenance. He has degrees in mechanical 
engineering (University of Colorado), 
physics (Earlham College), and astron- 
omy (University of Pennsylvania and 
Harvard University). He became involved 
with digital electronics while automating 
astronomical measurements at the U. S. 
Naval Observatory. 


COMPUTER DESIGN/DECEMBER 1978 


Internationally acclaimed Miproc-16 
with a compute-rate of up to 4 million instructions per 
second is the fastest 16-bit microcomputer card 


family available. 


Now supplied with an OEM chassis package, 
Miproc-16 is even more quickly brought into action. 


Instruction Power 


Up to 170 instructions including multiply/ 
divide and bit manipulation give Miproc-16 
formidable processing capability. 


16-bit Power 


16-bit program words make programming 
easy. 16-bit data words maintain high 
precision in arithmetic operations. 


Addressing Power 

16-bit dual memory architecture gives 65k 
words of directly addressable program 
memory and 65k words of data memory 
with 8 powerful address modes. 


PLESSEY 


MICROSYSTEMS Tel: (416) 661-3711 Tel: 


Circle 39 for Miproc 16-AS. 
Circle 40 for MIL Versions. 


micropower 
to give you 


high-speed faster. 


This cost-effective application system, named 
Miproc-16 AS, has room for one, two or even three 
Miproc-16 CPU's. Smartly styled and equipped with 


add-in 13-slot card bay modules, fans and power 


interrupt Power 


Multilevel, priority vectored interrupt 
system handles context changes in less 
than 2 microseconds. 


1/O Power 


256 directly addressable I/O channels with 
data I/O rates of up to 1.7 megabytes/sec. 
under program control, and up to 20 
megabytes/sec. for DMA. 


High Speed Processing 
Power 


The unique dual memory architecture 
combines with high speed Schottky TTL 
technology to execute most instructions 
ina single machine cycle. 


Plessey Canada 
300 Supertest Road 
Downsview, Ontario, 
Canada M3J 2M2 


(301) 948-2791 


supply, this new OEM chassis package eases the way 
into high speed microcomputing. 


Software Power 


Easy to use cross-assemblers for mainframe 
or minicomputer make programming 
faster, and PL-MIPROC, a super-efficient 
high level assembly language. 


Hardware Power 


Comprehensive range of processor, 
memory and interface cards backed up by 
sophisticated hardware development aids. 


Ruggedized Power 


Miproc can be configured to meet any 
known military specification. 


Plessey Microsystems Plessey Microsystems 
19546 Clubhouse Road 1641 Kaiser Avenue 
Gaithersburg, Md. 
20760, USA 


Irvine, California 
92714, USA 


Tel: (714) 540-9931 
8/ 654 PP044 


DESIGN NOTE 


BCD/Binary Conversion With 


Single IC Cell 


Operating on 4-bit inputs, fast BCD/binary conversion circuits, based 
on repeated division by the radix of the desired number system, 

use only seven gates, allowing realization of a single universal IC cell 
to handle both whole and fractional conversions 


M. G. Phadnis and D. G. Joshi 


Bhabha Atomic Research Center, Bombay, India 


2 man-machine interac- 
tions dictate the conversion of whole 
and fractional numbers from one 
radix of notation to another. In many 
control/panel displays, decimal 
(radix 10) data in  binary-coded 
decimal format must be converted to 
and from binary (radix 2) for com- 
puter usage. A hardware design 
scheme for fast conversion is based 
on the standard algorithm of repeated 
division of the number to be con- 
verted by the radix of the desired 
number system. This scheme has 
been developed into a practical inte- 
grated circuit realization—a univer- 
sal, single-cell structure that provides 
multiple function adaptability, re- 
duced parts inventory, and simple 
array design. 
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Conversion Principles 


The conventional method for con- 
verting an integer from radix r, to 
radix ro is to divide repeatedly by 
the new radix expressed in the no- 
tation of the old radix, where each 
remainder is a digit of the trans- 
formed number. Thus the remainder 
of the first division is the least signif- 
icant bit (LsB) of the number in 
radix ro. Then, the quotient of the 
first division is again divided by ro, 
and the process is repeated until the 
final remainder, which is the most 
significant bit (MSB) in radix ro, is 
obtained. 


Binary-To-BCD Conversion 
In converting from the binary to the 


binary-coded decimal (scp) number 
systems, repeated division by 10; 
(1010.2) is necessary. However, note 
that 1010. = 10ly x 10o. Hence, 
division by 1010. can be imple- 
mented by first dividing by 10., then 
by 101s. Division by 10. in binary 
arithmetic is achieved by simply 
shifting the dividend one bit to 
the right. This shift can be effected 
in a hardwired scheme by omitting 
the LsB of the binary number to be 
converted and moving the remaining 
bits forward, forming the quotient. 

Division by 101. is implemented 
as shown in Fig 1. First, the four 
most significant bits of the binary 
number to be converted are con- 
nected as inputs to a conversion cell. 
This 4-bit input is tested for a 
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Tape Controller that Keeps You /n Control... 


And Costs You Less To Use! "aye 
PRINCETON-HIGHTSTOWN ROAD 

es eM SPU" CRANBURY, NEW JERSEY 08512 

OS boise ella 121.609-799-0071 Twx:510-685-2542 

LSI-11 and POP are registered trademarks of Digital Equipment Corporation 


Dataram Corporation ¢ Princeton-Hightstown Road ¢ Cranbury, NJ 08512 


O Please send complete details on Dataram Disc/Tape Controllers. 
O Please have your sales representative call. 


NAME ___— = TITLE_ Se PHONES ERT — 
COMPANY __ —_ ‘ - ™ gS | = 
ADDRESS _ — = — 
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Fig 1 


Binary-to-BCD conversion using division by 


7—INPUT BINARY NUMBER—— 
TRU TLT ORG 4 


radix technique. To convert X = 1111 1110 1011: to 
4075.0, let X/10 = Q + R/10; X/2 = Qi + R./2; and 
Q,/5 = Qz. + R:/5.where Qs are quotients and Rs 
are remainders of respective divisions. Then Q = Q2 
and R = 2R, + Ri = least significant BCD digit. 
In this example, Ri = 1 as given by one right shift, 
Q: = 0111 1111 01012, and Re = 0102 after dividing 
Q, by 5: (1012). Therefore, least significant BCD 
digit R = 0101. and Q: = 1100101112. Remainders 
obtained in subsequent divisions of quotients ob- 
tained from previous division are 01112, 00002, and 
01002, the latter being most significant BCD digit. 
Hence 1111 1110 10112 = 0100, 0000, 0111, 0101:, 


4 0 7 
\—————_ ouTPuT BcD NuMBER —————————" 


Fig 2 Integer binary-to-BCD conversion logic. Array con- 
verts 12-bit binary number to its BCD equivalent, using 
hardware cell shown in Fig 3. Mode control input of each 
cell is connected to Vcc 


or 4075 in BCD 


greater-than-4,9 value within the cell. 
If this condition is true, 549 is sub- 
tracted from the input; otherwise, 0 
is subtracted. Subtraction of 519 or 0 
is done in 2’s complement arithmetic 
by adding 319 (00112) or 0000, re- 
spectively, resulting in a 4-bit output 
from the cell. The MsB (lz) of this 
output (1010.) is the msB of the 
second quotient, and the remaining 
three bits (0102) constitute the re- 
mainder of the first division. The 
next significant bit of the original 
binary number is then inducted and 
combined with the three remaining 
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bits to form a new partial 4-bit num- 
ber (01012), which serves as the 
input to the next cell. This division 
process is repeated until the LsB of 
the original binary number is in- 
ducted and processed. Each division 
step shifts the divisor operation to 
the right, which in effect shifts the 
main input number to the left. This 
can be conveniently effected in a 
hardware scheme as a “wired” shift 
(Fig 2). 

In practice, the binary-to-BCD con- 
version can be implemented by using 
an adder chip with additional logic, 


both to check for the greater-than-49 
condition and to generate the re- 
quired forcing function—to add 340 
if the 4-bit input number is greater 
than 449. This logic consists of gates 
1, 2, and 3 in Fig 3. A true level 
is generated at the output of oR gate 
3 if binary inputs A,AgAsA,; con- 
stitute a number greater than 449, as 
defined by the Boolean expression 
Ag + AzAs + AgAy = 1. This out- 
put is used for forcing OOll. or 
00002 as the situation may demand 
at the B,B;B.B, inputs of the 4-bit 
full adder. 
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Another 
data security first 


from Motorola 


A single plug-in § 
board secures : 
PDP-11* data 


The latest in the line of Info-guard™ 
data security modules adds hardware 
encryption/decryption to the PDP-11 
family of minicomputers. The single 
plug-in board, using the National 
Bureau of Standards’ algorithm, 
allows quick retrofit for transmission 
security... even for multiple lines. 


The microprocessor-based module 
includes Direct Memory Access 
(DMA) control and minimizes 
software impact on the 
PDP-11 C.P.U. 


The DMA logic includes 
address selection, bus Motorola’s M6800 
master control, word any oe wee EXORCciser and other 
counting, input and 7 a = oe nn popular micropro- 
output buffering, wo ul -_ ie oe cessor systems. 
and interrupt , Sie ae These modules are 
control. Encryp- available off-the- 
tion control ; - shelfandmake 
includes key transfer, initial fill of it easy for users to add encryption 

RAM buffer; encryption, and parity 
error checks. 


Other Info-guard data 
security modules are 
compatible with 


For more information, contact James 
Booth at 602/949-4735 or write him 
After encrypting data blocks of up to 1K at Motorola’s Government Electronics 


x 16 bits, the data is DMA-transferred Division, Dept. F-10, P.O. Box 2606, 
back to the PDP-11 memory. Scottsdale, AZ 85252. 

MOTOROLA 
*TM Digital Equipment Corporation OUR FIFTIETH YEAR 
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gar 2s see OUTPUT See 


Fig 3 Universal conversion cell. Gates 1, 2, and 3 generate 
forcing function for conditionally adding 31 in binary-to-BCD 
conversion. For BCD-to-binary conversion, forcing function is 
derived from MSB of input. Remaining gates multiplex both 
forcing functions by means of mode control input 


0 INPUT BCD RERBES 
0000 ee a 


ne lo 
Py ET 
PP q 


#: Mid 


00 GC A sot thes ie) 0 
“———— OUTPUT BINARY ‘NUMBER —~L$B 


Fig 4 Integer BCD-to-binary conversion logic. Array con- 
verts 4-digit BCD number to its binary equivalent, using 
hardware cell of Fig 3. Mode control input of each cell is 
connected to ground 


BCD-to-Binary 


Conversion 


BCD-to-binary conversion (Fig 4) is 
much simpler than its counterpart 
because the required repeated divi- 
sion by 10. can be easily imple- 
mented by shifting the given BCD 
number one place to the right. The 
rightmost-shifted bit is the remain- 
der, hence, the corresponding trans- 
formed bit in each successive divi- 
sion. However, an error is intro- 
duced when the LsB of a higher de- 
cade (4-bit group) having a value 
of ls crosses to the next lower de- 
cade. In this process, the value of 
the bit becomes 80% instead of the 
required 50%. The correction is sim- 
ple and can be done by subtracting 
310 from the wire-shifted decade, 
subject to the condition that the 
shifted MsB value is ly. Correction 
is not necessary when the value of 
the decade bit crossing to the right 
is 0. Subtraction of 319 can be done 
by adding its 2’s complement, which 
is 1349 or 1101, in this case. Thus, 
BCD-to-binary conversion can be im- 
plemented by using an adder chip 
alone. Additional logic is not re- 
quired as the wire-shifted MsB itself 
can be used as a forcing function. 


Universal Conversion Cell 


Solutions to the two conversion types 
can be combined logically using four 
additional gates to provide a uni- 
versal cell, capable of implementing 
both conversions through a mode 
control input. Gates 4, 5, 6, and 7 
(Fig 3) multiplex the desired forc- 
ing functions at inputs By, Bs, Bo, 
and B, of the full adder chip, de- 
pending on the mode control input 
condition. If the mode control input 
is high and A4A3AsA,; is greater 
than 449, the function forced at 
B,B3BeB, is 0011s, which is the same 
as add 3,9. If the input number at 
A4sAs3AeA, is less than or equal to 
440, the number added is 0000.2. Thus, 
the cell implements binary-to-Bcp 
conversion with the mode control 
input at high. 

Similarly, with the mode control 
input at low, the cell implements Bcp- 
to-binary conversion by forcing the 
input condition 11012 at B,yBsB.B, 
if Ay is lo; otherwise, input condi- 
tion 0000 is forced. In this discus- 
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The master and its slaves). 


(A new cost-cutting concept from Remex.) 


Building-in a controller/formatter was one 
thing. 

Now Remex offers the next generation: A 
master micro-based flexible disk drive with built-in 
controller/ formatter (the RFS 1210) and up to 
three attached slave units (RFS 1220s). 

Now time and money you might otherwise 
spend developing your own controller/ formatter 
can be concentrated on application software and 
total systems — where you can make the greatest 
contribution. 

The savings are sizable, even if the subsystems 
are not—many man-months of development time 
and dollars. And that's not considering getting 
your system to market months sooner. 

Whether your system is based on a popular 
minicomputer or microprocessor, we've got the 
documentation and assistance capability to help 
make interfacing a breeze. 

These units are media compatible with the 
IBM 3740, 3540 and System 32. In fact, they'll 
read sectors of any length, provided standard IBM 
header information is used. 

And both feature the Remex high quality disk 
drive hardware, with head geometry identical to 
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IBM, assuring precise media interchangeability 
now and later on. 

The RFS 1210 (master) has its own integral 
microprocessor for maximizing system speed and 
minimizing software overhead. The RFS 1220 
(slave) contains only the minimum drive electron- 
ics required. This makes the RFS 1200 subsystem 
even more cost effective for multiple drive 
applications. 

Only Remex offers so much for so little in such 
neat, integrated packages — with nearly 20 years 
of electro-mechanical experience and nationwide 
field service to back it up. 

Call or write today for complete information 
on complete subsystems. Ex-Cell-O Corporation, 
Remex Division, 1'733 East Alton St., RO. Box 
C19533, Irvine, CA 92713 
Phone; (714) 557-6860. TWX: (910) 595-1715. 


Ex-Cell-O Corporation 
EMEX DIVISION 


In logic design, production or service, 


epend on HP for your 
esting and troubleshooting solutions. 


= Pi 
. Ms 


3a real-time > microcomputer ster te 
can program and debug in as 
h level, interactive language. 


Introducing PROCOM I. 


PROCOM II is a low-cost, process 1/0 
microcomputer system you can put to work with 
a screwdriver. 

Process Interface Cards. 

PROCOM II can use our complete line of RTP 
standard process interface cards in any 
combination to fit your application. Digital in. 
Digital out. Analog, high or low-level, in or out. 
Contacts, in or out. Stepper drivers. Counters 
(frequency, pulse or time). Choose from dozens. 
Easy Programming. 

PROCOM II is programmed and debugged on- 
line in high-level PROCOM BASIC. Easy to learn. 
Easy to use. Realistically cuts program 
_ development time by 75%. 


Expandability. 

As your system needs grow, you can easily 
field-expand your PROCOM II/RTP system to 
economically control thousands of points. 
Stand-alone, or in a distributed host/satellite 
system. 

Reliability. 

Computer Products is the world’s largest 
manufacturer of real-time, computer-independent 
measurement and control subsystems. Our RTP 
product line has been in operation, worldwide, 
for close to a decade. 


Computer Products, inc. 


Computer Products, inc. 


1400 N.W. 70th Street, Fort Lauderdale, Florida 33309 * (305) 974-5500, TWX (510) 956-9895 
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sion, only integer conversions are 
implied. However, the cell can also 
perform conversions of fractional 
numbers. The logic in this case has 
a mirror image symmetry with re- 
spect to the integer conversions.* 

Fig 2 shows an array constructed 
for the conversion of a 12-bit binary 
number to its BCD equivalent. Con- 
versely, the BCD number is converted 
back to its binary equivalent by the 
array shown in Fig 4. These arrays 
are essentially similar to those pro- 
posed by Raphael in construction and 
package count and have comparable 
conversion times. 


Summary 


Solution of the binary-to-Bcp con- 
version problem has been obtained 
by defining a cell based on a 4-bit 
full adder 1c and three additional 
gates to generate the appropriate forc- 
ing function to implement division by 
the required radix. For solution of 
the BCcD-to-binary conversion prob- 
lem, the cell contains a 4-bit full 
adder, in which the forcing function 
is derived from the wire-shifted MsB 
itself. These two solutions are then 
combined logically with four more 
gates to provide a universal cell ca- 
pable of implementing both conver- 
sions through a mode control input. 
The resulting design is readily ame- 
nable to integrated circuit realiza- 
tion as the additional 7-gate circuit 
can easily be accommodated on any 
commercially available 4-bit full- 
adder 1c chip, such as the sn7483, 
requiring only 11 pins of a 14- 
lead package. 
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Our data displays are outstanding 
solid-state designs with critically 
matched magnetics to optimize 
the performance levels and 
dependability demanded by your 
customers. We use the most 
advanced engineering and 
production techniques to assure 
consistency of performance. 

No data display is built with more 
deliberate attention to quality 
and reliability. 


We have been in the electronic 
display business long enough 

to know about rush orders. If you 
need it yesterday — we'll try 

to get it to you yesterday. 


We've built thousands of displays 
for many of the major manu- 
facturers in the country. Perhaps 
we already have a unit that would 
meet your requirements. With 


Cooperation 


slight modifications. It would be 
less costly than starting from 
scratch. If you need a new, 
special package — we'll produce 
it for you, in the configuration 
you want, at minimal expense. 


If you’re developing a new data 
terminal, we will be glad to 
cooperate with your terminal 
design engineers in reviewing 
your exact specifications and 
developing the most economical 
display possible. And quickly! 
Whatever you need, we have the 
experience and talent to design 
it. And improve it. 


But don’t take our word. See for 
yourself by contacting us today. 


You'll come up with your own 
reasons for using Setchell Carlson 
CRT data displays. 


530 FIFTH AVENUE N.\W. NEW BRIGHTON, MN. 55112 - (612) 633-3131 
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TECH BRIEF 


Digitized Video Processing 


In Realtime 


A signal processing system tracks the constantly 
shifting location of a randomly moving object in 
realtime using ultra fast array processing 


John Meyn 


CSP, Incorporated, Burlington, Massachusetts 


Except for costly special purpose 
systems or special interfacing to pow- 
erful mainframes, digtizing and pro- 
cessing video data in realtime at 
standard television scan and frame 
rates has been extremely difficult to 
accomplish. A high performance dig- 
ital signal processor (Figure) pro- 
vides this capability with a high 


speed programmable floating point 
Macro Arithmetic Processor (MAP- 
300*), three independent memory 
buses, and several parallel processors. 
One _ processor—an Input/Output 
Scroll* (1so2)—is programmed and 
interfaced to accept sliced digitized 
video from a TV camera controller 
at roughly 4 x 10° pixels/s (picture 


DIGIT, 
Siceb 


X-Y COORDINATE CROSSHAIR 
(AREA AND CENTROID) 


MAP-300 ARRAY PROCESSOR | 
MEMORY | 
BUS3 
BUS2 


BUS 1 


Video signal processing system. Components consist of array ' 
processor, three memory buses, and parallel processors that 
handle video data in realtime at standard TV scan and frame 


rates 
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elements). Other processors com- 
prise a host interface module (HIM), 
programmed to communicate with 
the host minicomputer; a central sys- 
tem processing unit (csPU), with a 
resident Executive program and a 
large library of powerful array pro- 
cessing routines; and an AP-300 arith- 
metic processor, which provides the 
ultrafast array processing capability, 
including 32-bit floating point multi- 
plies at a 4-MHz rate. The host can 
be any minicomputer, which is pro- 
grammable in FORTRAN, using sub- 
routine calls to the sNAP-11* (Simple 
Notation for Array Processing) li- 
brary that are executed in MAp-300. 

Frames arrive at 60/s, 256 scans/ 
frame, and 256 pixels/scan, ie, 3.93M 
pixels/s. The 1082 is programmed to 
recognize start-of-frame, then select 
a subset of 180 x 180 pixels, pack 
them into 16-bit words of four pixels 
each, and transfer them to MApP-300 
memory on a selectable bus. The 180 
x 180 size is chosen for convenience 
to fit available 4k memories (32-bit 
words). Larger memory sizes can be 
selected, should higher resolution 
video be required. 

The ap-300 processes each array, 
computing area (A)—a measure of 
image size—and centroid (X,Y)—a 
measure of image location—accord- 
ing to: 

A=2Z2 Py, X ==> iP,;, and 

Y=22 jP; Jo 

where P,;, is the pixel at location (i, 
j), having value 1 where the binary 
image exists and 0 where it does 
not. The three functions are _per- 
formed over the 32.4k (180 x 180) 
pixel images in 13.5 ms, an average 
of 133 ns per arithmetic operation. 
Results are stored in the MAp-300 
Bus-1 memory, where the host can 
optionally access them without inter- 
fering with the realtime process. The 
centroid is also output through a 
parallel port in 10s2 to control the 
crosshairs on the TV monitor. 

Controlling and bringing data in 
and out of a host/array processor 
combination weighs heavily on over- 
all system efficiency and realtime 
capability. Peripheral device inter- 
facing by the MApP-300 successfully 
unburdens the host from data acqui- 
sition or data output and display 
tasks by providing 1/o scrolls for 
direct data access and integral soft- 
ware for onboard control. oO 


*map, 1/0 Scroll, and sNaAp-It are trade- 
marks of csp, Inc, Burlington, Mass. 
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Not the tire-kicking, door-slamming kind, of course. 
But all the tests that quality cartridge drive should have to 
pass. Then you'll see why OEMs have been choosing our 
drives for their systems for more than five years now. 

Go ahead. Run our DCD-3 through thousands 
of cycles. Even under changing 
environmental and load conditions, 
its long term speed accuracy will always stay the same. That's 
because we build it with a unique, motor-servo unit, complete 
with a tachometer, that can take punishment like that without 
any change in performance. 

Or put our DCD-1 through its paces. You'll never have any 
track location problems. Because it records over the total width of the 
tape. Which means the system is virtually immune to loss of 
signal from transient error. 

For more good reasons why we think our drives out- 
perform any others, just take a look at the other products in our 
Data Products line. 

If you have an OEM or systems requirement, why not 
take us up on our offer? To arrange a test drive of one of our drives, 


call (612) 733-8892, or write: Data Products, 3M Company, 
223-5E, St. Paul, MN 55101. 


AFTER ALL, YOU DON’T THINK 
WE'D INVENT THE DATA CARTRIDGE 
WITHOUT A DRIVE TO RUN IT, DO YOU? 
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TECH BRIEF 


Computer Connector Saves Space 


And Cuts Costs 


Inexpensive but reliable connector achieves 
increased contact density within smaller area 


Paul K. Winklebleck 


GTE Sylvania Connector Products Operation, Titusville, Pennsylvania 


Packaging requirements of a lead- 
ing computer manufacturer have gen- 
erated the need for a custom, high 
density, card-edge, gold-dot connector 
with 33% more contacts but less 
than 50% of the overali size com- 
pared with the existing connector. 
The existing connector measures 4x 
3 x 1.75” (10.2 x 7.6 x 4.45 cm) in 
size with 216 contacts for 8 printed 
circuit (pc) boards, while the new 
connector is 5.25 x 0.75 x 1.75” 
(13.34 x 1.9 x 4.45 cm) with 288 
contacts for 3 pc boards. In addition, 
the new design is to withstand tem- 
perature extremes and corrosive at- 
mospheres found in many computer 
applications, and contact resistance 
is to be low and stable for compati- 
bility with solid-state electronics. All 
requirements must be met at the low- 
est possible cost and with the reli- 
ability of the previous connector. 
To achieve the desired design, sev- 
eral problems must be solved. The 
connector insulator needs very thin 


OLD DESIGN 


4x3 « 1.75" 
(10.2 * 7.6 * 4.45 em) 


216 CONTACTS FOR 
8 PC BOARDS 
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HIGH DENSITY DESIGN 


5.25 * 0.75 * 1.75" 
(13.34 1.9 * 4.45 cm) 


288 CONTACTS FOR 
3 PC BOARDS 


but strong walls because the packag- 
ing density requires card spacing on 
0.25” (6.35-mm) centers. To over- 
come this stringent factor, a special 
glass-reinforced phenolic material 
possessing exceptional physical 
strength and dimensional stability 
was formulated. For dimensional in- 
tegrity the mold is made to precise 
tolerances and molding processes are 
controlled closely. 

Although the conventional contact 
pc board interface is a gold contact 
to a gold board finger, the computer 
manufacturer prefers solder plating 
instead of gold on the board. This 
requirement lowers board manufac- 
turing costs, but it demands a de- 
pendable, gas-tight connection. 

Final contacts chosen feature a 
single cantilever beam design with 
inherent preload to ensure high nor- 
mal force, and are made from a 
high tensile phosphor bronze base 
material. Contact interface is through 
a spherical gold dot that is welded 


Old and new connector de- 
signs. High density card- 
edge gold-dot computer 
connector achieves 33% in- 
creased packaging density 
and 50% reduced size 
compared with the old 
connector 


to the contact after solder plating. 
This dot has a minimum 0.002” 
(0.05-mm) thickness, much greater 
than the 0.000050” (0.00127 mm) 
typically available with overall or 
selective gold plating. Normal con- 
tact force is approximately 350 ¢g at 
nominal deflection, which is sufficient 
to ensure a gas-tight interface with 
the solder plated pc board, while 
maintaining a low and stable con- 
tact resistance. 

Because the new connector has a 
contact grid of 0.100 x 0.150” (2.54 
x 3.8 mm), special assembly tools 
were developed to enable a 0.020” 
(0.5-mm) true position of the con- 
tact tails. This tolerance ensures low 
installation cost and high manufac- 
turing ease in asembling the con- 
nector to the computer backpanel, as 
well as for the subsequent automatic 
wirewrapping operation. 

For acceptance testing, an auto- 
matic resistance measuring system is 
used, which sequentially measures re- 
sistance on up to 100 contacts, one 
per second. Any variation of more 
than twice the initial resistance of a 
contact pair after mechanical and en- 
vironmental stressing is considered 
an indication of failure. Sample con- 
nectors were tested for durability 
through 200 insertion and withdraw- 
al cycles, with resistance measured 
at intervals throughout the range. 
To prove connector capability to 
withstand long-term exposure to en- 
vironmental extremes, samples were 
subjected to a temperature and hu- 
midity test based on EIA RS-364, TP 
31, Method 2 criteria. Other samples 
were exposed to a humid, 1% by 
volume, sulfur dioxide atmosphere; 
and another group was exposed to 
concentrated nitric acid for 1 h, fol- 
lowed by exposure to fumes of 22% 
ammonium sulfide for 15 min. Tem- 
perature cycles ranged from 0 to 75 
°C. In the final test sequence, 
samples were vibrated at 20 Hz at 
cycles of 10 s on and 10 5s off in 
different planes with contact re- 
sistance measurements made every 
100 cycles. For all tests, resistance 
changes were negligible or well with- 
in specified limits; all contacts re- 
mained reliable and gas-tight. 

The connectors with gold-dot con- 
tacts meet or exceed all performance 
criteria. In a higher density, smaller 
size, and lower cost configuration, 
they have passed severe, accelerated 
life tests simulating the operating 
conditons the computer would likely 
encounter over its service life. im 
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Model 3800B 
SuperPac 
Development 
System Il... 


Unlike hardware-oriented development 
systems, emphasizes program and system 
development. 


Supports all software development and 
acts as the central processor for PCS present 
AND future products. 


Supports all the hardware AND software 
necessary for system design, hardware/software 
integration, and system verification. 


Is distinguished by its ONE FULL YEAR 
warranty and customer option to extend up to 
two additional years (as are all PCS products). 


PCS ee 


(TWX: 810-223-8153), ro 
and ask for SuperPac LY] 
Development System II. 


Is protected from obsolescence through 
future options for hardware enhancements 
which accommodate future industrial micro- 
processor developments. 


Standard Software: Basic, Fortran IV, 8080A and Z80A ab- 
solute macro and relocatable assemblers, linking loader, 


debug, editor, cross reference generator, 3800B and floppy 

operating systems, drivers for TTY, CRT, EPROM Pro- 

grammer, line printer, floppy disk, high speed paper tape 

reader, and up/down loader. Che fall aortas 
Standard Hardware: 32K bytes of RAM, Dual Floppy Disk manufacturer 
Subsystem (IBM 3740 compatible), EPROM Programmer of industrial 

that supports all industry standard EPROMs, hardware microcomputer 


fixed and floating point capability, CRT terminal, desk 


systems. 


mounted hardware, and peripheral interfaces. 


* Response has been so strong, PCS has extended the 3800B 
Special Introductory offer of $9995 (includes a one week 
training class) to February 28, 1979. For this offer, a 
110 cps line printer is optionally available at $2400, or use 
your own Centronics-type printer, or ask us about other 
available printers. 


**Offer valid only when purchased with 3800B. 
Deliveries to begin January 1, 1979. g 


CIRCLE 48 ON INQUIRY CARD 


Take a chance on a power supply 
and win an airline trip. 


Red Eye Flights to Customer Sites 


A chancy power supply’s bottom-line cost doesn’t show 
up on a price list. It shows up in increased emergency 
service calls, total aggravation, and catastrophic 
downtime costs to the customer. Our Switching 
Regulated Power Supplies - the Dependables - can 
minimize such worries. 


Time-Proven Winners: the Dependables 


For over 19 years, the Dependables have proved their 
reliability in OEM digital applications where superior 
line and dynamic load regulation are needed. And their 
low RFI/EMI and low output ripple (less than 3 mV 
peak-to-peak at line frequencies) make them ideal for 
sensitive analog applications. 


Brownoutproof: These Days, a Must 

The Dependables can supply their specified regulated 
outputs at full load over input variations from 92 to 
138 or 184 to 250 VAC. And they'll keep it up for 
several minutes even if the input drops to 70 or 

140 VAC. If AC fails completely, the supplies will hold 
up for at least 30 mSec., allowing orderly shutdown or 
shift to optional DC back-up. Catalog DP-77 gives 
details on our single output supplies and 
brownoutproof features. 
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DC to DC Units Too 


DC input versions, using 48, 120 or 220 VDC as 
standard input voltages, are available. We can also 
provide units that operate from both AC and DC 
sources allowing easy transfer to battery back-up for 
UPS applications. Ask for Data Sheet PM-27 for our 
DC/DC Converter specifications. 


Supplies to Fit Your Application 

A complete family of standard models provide output 
voltages from 2 to 48 VDC with output power up to 
2000 watts. Single and four-channel multiple outputs 
with options such as logic inhibit, power-fail signal, 
remote margin check or programming, and sequencing 
allow tailoring the supplies to your needs. Data Sheet 
PM-26 gives details on the multiple units. 

To find out how the Dependables can keep your 
system on the air and your maintenance people out of 
it, call or write Pioneer Magnetics, Department A, today. 


BP res. 


1745 Berkeley Street ¢ Santa Monica, CA 90404 
Telephone (213) 829-6751 * TWX 910-343-6249 
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TS |S THE ONLY DECENT 
SON Cc 5 MATRIX PRINTER 
ME RIGHT NOW. 


CAN GET I 


Other people make them, of course. But you can't 
get them in volume. Unless you're willing to wait a very long 
time. And in this business a printer you can’t get is about as 
useful as all those wonderful products that haven't been 
invented yet. 

Even if you did have a wide variety to choose from, 
you'd probably choose our Matrix printer anyway. Micro- 
processor control makes it efficient, fast and reliable. And 
it’s programmable from your computer or optional keyboard. 

Bidirectional printing and paper feed gives you true 
graphics capabilities. Special character sets, including foreign 
language alphabets, provide incredible flexibility. And when 
you add the optional keyboard, it becomes a remote 
communications terminal. 

Matrix is compatible with all industry standard RS-232-C 
or parallel interfaces, so you can plug it in just about anywhere. 

lf you need a good matrix printer in volume 
and you can't wait forever, contact one of our local SALES OFFICES 


sales offices or the Director of OEM Sales, Chicago 312/364-5820 
Microdata Corporation, 17481 Red Hill Avenue, Baa 
P.O. Box 19501, Irvine, CA 92713. Telephone: ean 
714/540-6730. TWX: 910-595-1764. Washington, DC 703/620-3995 
Microdata ©)=)) (Procuicis 
A significant difference. 


Circle 49 for information only. 
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PROCESSORS AND ELEMENTS 


INTERFACING FUNDAMENTALS: 
AN INTRODUCTION TO REALTIME CLOCKS 


Christopher A. Titus and Jonathan A. Titus 
Tychon, Inc 


David G. Larsen and Peter R. Rony 
Virginia Polytechnic Institute and State University 


I. many microcomputer applications the computer must 
perform actions at accurately timed intervals. This allows 
the computer to make accurate measurements of an ana- 
log signal at specific intervals, for example, at 100 ms. 
This 100-ms period may be “timed” through the use of 
a time-delay loop in which software commands are used, 
or through the use of an external clock of some sort. 

At this point, it may be realized that while a time- 
delay software routine may generate a delay of the re- 
quired accuracy, the computer can do nothing else while 
it is performing the timing software steps. This is a 
serious limitation. Although probably less obvious, the 
time-delay software steps may be interrupted by some 
external device that requires immediate servicing by the 
computer. The overall effect is to “lengthen” the time 
required for the time-delay software steps. The actual 
time delay would be the sum of the time spent in the 
software steps and the time spent servicing the external 
interrupt. 

In most instances in which accurate periods are re- 
quired, an external circuit is used to time the necessary 
periods with as little interaction between the computer 
and external clock as possible. Such clocks are immune 
to external interrupts and to changes in the normal flow 
of a program. Once started, they continue to time a 
period until it is completed and the time is up. In this 
way, the clock runs in parallel with the computer; the 
computer then can perform other tasks and service inter- 
tupts while the clock is running. This type of external 
clock is often called a realtime clock, since its time is 
real, in that it cannot be altered or delayed by events 
that would normally affect a program. 
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There are several types of realtime clocks, indicated 
by the following listing. 


Programmable Realtime Clock—The actual required period 
is preprogrammed within the clock through either hard- 
ware or software. Once the clock has been started, it 
continues timing until the period has ended. At the end 
of the period, the clock signals the computer that the 
timing task has been completed. 

Free-Running Realtime Clock—Running continuously, the 
clock signals the computer at the end of each period. 
The periods generally are of equal length, for instance 
10 ms. 


Time-of-Day Clock—This type of clock will provide the 
computer with the actual time, eg, 16:20 hours; however, 
it is not frequently used in small computer systems. 


The concept of realtime has been introduced subtly in 
previous columns. Operation of an 8085 based computer 
system, use of the 14-bit timer contained within the 
8155 read/write memory, and a description of an inter- 
face chip in terms of its realtime operation have all been 
covered. An excellent example of a programmable real- 
time clock is the 14-bit counter used in the 8085 based 
computer. It obtained its time base from the crystal clock 
that controlled the microprocessor chip; an interrupt was 
used to signal the end of the timing period. Assuming 
that a frequency of 1 MHz was used to control the 
clock, a 14-bit counter could provide a total count of 
16,384 ys, or just over 16 ms. This might be somewhat 
limiting if periods of several seconds are required, but 
the scheme is fairly flexible. If longer periods are re- 
quired, the 14-bit counter could be programmed to time 
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Quality and performance have ; 


made Zenith the standard of the 
home electronics industry for 
sixty years. And our track record 
continues. Not only is Zenith the 
leading producer of color TV 
receivers but our black and white 
sets have led the market for 
twenty years. 

And now the same commit- 
ment to quality, reliability and 
technical innovation that has 
earned our leadership position in 
television, is available to you in our 
CRT displays. We proudly intro- 
duce the Zenith D-12 12-inch 
diagonal CRT display. 
ADVANCED COMPONENTRY-— 

LONG TERM RELIABILITY. 
Zenith’s engineering expertise and 
production experience combine to 
give you the kind of reliability 
you need. 

Reserve Capacity. Compo- 
nents in the CRT display are 
designed with reserve capacity for 
low maintenance and continued 
reliability. 

Special Deflection 
Transformer. The Zenith CRT 
display is equipped with a Zenith 
designed and built deflection 
transformer. It not only gives a 


consistent scan, but it is also 
imbedded in epoxy for long-term 
reliability and the elimination of 
audible high frequency squeal. 

Fewer Controls. The Zenith 
CRT display is precision engi- 
neered. No linearity controls are 
required and the CRT display’s 
vertical and horizontal synchroni- 
zation is automatic. 


The Zenith Adjustable Frame. 


Zenith engineering has already 
solved what can be a big hassle. 
With our adjustable frame, we can 
mount the CRT at virtually any 
angle you want, without having to 
have a frame custom-made. 

These are just a few of the 
many value plusses you'll findina 
Zenith CRT display. 
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ZENITH ENGINEERS 
WORK WITH YOU. 

Zenith believes in application 
engineering. We're willing to make 
your problem our problem, and 
put our engineering and tech- 
nical resources to work on it. 
We'll even align our CRT 


NO ORDER TOO BIG 

OR TOO SMALL. 
Rest assured that no matter 
how large or how small your CRT 
display order, you will be accom- 
modated in the Zenith tradition. A 
tradition that begins with a promise 
of on-time delivery. A tradition that 
has provided care and quality to 
our customers for over half a 
century. 

This is just the start of some- 
thing good. The 12-inch D-12 CRT 
display is only the first in a series 
from Zenith. Talk to us about your 
requirements for other screen 
sizes as well. 

For further information and 
specifications, write CRT Display 
Engineering Division, Zenith Radio 
Corporation, 1000 Milwaukee 
Avenue, Glenview, Illinois 60025. 
Or call 312-773-0074. 


The quality goes in before the name goes on® 


Thinking of adding mass 
memory to your S-100 bus? 


You say you're ready for greater storage? 
Well now, with average access times of 28 
milliseconds, large, on-line direct access car- 
tridge disk files have become a reality in 
microcomputing. And, ALPHA MICRO 
offers you not one, but TWO ways to vastly 
increase your system capacity...and do it 
without overtaxing your budget. 

First, there’s the ALPHA MICRO AM-500™ 
Hard Disk Subsystem. It uses the popular 
CDC 9427H (Hawk) cartridge disk drive 


with a total of 10 megabyte capacity (5 fixed, 


5 removable). The AM-500 comes com- 
plete with interface formatter/controller, 
cabling, and disk drive. You can expand 
your mass memory to meet your require- 
ments, in 10 megabyte increments, up to 
40 megabytes. 
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Think twice! 


Thinking of even more mass memory? 
Check out the ALPHA MICRO AM-400™ 
Hard Disk Subsystem. It features the 
CALCOMP TRIDENT Series Hard Disk 
Drive in a choice of models with 25, 50, 80, 
200, or 300 megabyte capacity. And, you 
can daisy-chain up to four units, on-line, in 
any mix. How’s that for capacity? 

So, if you’re thinking of adding mass 
memory to your S-100 bus, be sure to check 
out the ALPHA MICRO AM-400 or AM -500 
Hard Disk Subsystem at your nearest ALPHA 
MICRO Dealer. And while you're there, ask 
him to show you the rest of the ALPHA 
MICRO hardware and software lines. 
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AM 400™ 


AM 500™ 


~ alpha 
agye ere 


17881 Sky Park North 
Irvine, California 92714 
(714) 957-1404 
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some integer fraction of the period and the computer 

could be used to total the number of shorter periods 

that are required for the entire period to have elapsed. 

The computer would only have to increment and test a 

count each time the clock interrupted it. One drawback 

to this is that additional software is required, something 

that the use of realtime clocks was intended to avoid in 3 

the first place; however, the additional program steps > alpha 

are quite minimal. rem micro 
In many cases, it would be valuable if the realtime clock oa 

could be preset for the clock’s basic frequency, eg, 1 MHz, 

10 kHz, etc, as well as for the actual count. If these 


various intervals were available, the timing of longer 
periods would be relatively easy and no additional soft- See the exciting 16-bit world of Alpha 
ware steps would be required. A simple series of divide- Micro at your local Alpha Micro dealer. 


by-10 counters such as the sn7490 or sn74390 could 
be used to divide a high frequency clock signal into lower 
frequencies for use by the realtime clock’s counters. Var- 
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Development of Microprocessor Programs 
Is Accomplished Using Integrated System 


STORE OBJECT 
CODE 


TYPE IN 
PROGRAM 
SOURCE 


EDIT SOURCE ASSEMBLE 


SOURCE CODE 
CHANGES 


and programming of P/ROMs 


The ,»Max system, consisting of an 
tst-1]1 cpu, 20k solid-state memory, 
LA-36 pEcwriter, M9200 P/Rom pro- 
grammer, dual flexible disc system, 
and software, applies techniques of 
large-scale computer systems to the 
development of microprocessor pro- 
grams. Most microprocessor types are 
supported by the software. 

Aivex, Inc, 6 Preston Ct, Bedford, 
MA 01730 has supplied the aos-1 
monitor, directory/delete, symbolic 
editor, file rename, file transfer, p/RoM 
programmer transfer, macro assem- 
bler, and simulator as software com- 
ponents. First step in the develop- 
ment cycle (see diagram) is typing 
in the source code using the editor. 
Changes may be made before the 
recursive assembly/correction cycles, 
as well as after each assembly. The 
cycle continues until all assembly er- 
rors are eliminated. The simulator 
then executes the object code pro- 
duced by the assembler. 


FINAL SOURCE 
CODE CHANGES 


SIMULATE PROGRAM RROMS 


OBJECT CODE 
CHANGES 


STORE SOURCE 
CODE 


Development of microprocessor programs with Aivex uMax system. 
Flowchart demonstrates steps and loops involved in editing and as- 
sembling source code, simulation of object code, final code alterations, 


During execution the simulator can 
examine and alter the contents of the 
simulated roms through interactive 
debugging; this eliminates the neces- 
sity of reassembling the sources. In 
addition, various status and condition 
signals, inaccessible to the user in the 
microprocessor, are available for ex- 
amination and alteration in the simu- 
lator. Once the program is operating 
properly, final assembly is made in- 
corporating all object code changes 
made during simulation. 

This final object code is used to 
program the P/romMs, which are in- 
serted in the programmer. Data are 
transferred from the system floppy 
disc to the programmer without the 
use of paper tapes. Source code is 
saved offline for documentation pur- 
poses and for later changes; the ob- 
ject code is saved for programming 
additional p/roms. 


Circle 410 on Inquiry Card 


Cards Can Operate in Any 
Microcomputer Slot With 
Data Bus Structure 

stp Bus is a data bus structure con- 
taining a logic power bus, data bus, 
address bus, control bus, and analog 
power bus with similar functions 
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grouped on the bus connectors. The 
concept was developed by Pro-Log 
Corp, 2411 Garden Rd, Monterey, ca 
93940 in association with Mostek 
Corp, 1215 W Crosby Rd, Carrollton, 
Tx 75006 to allow any card in an 
8-bit microprocessor system to operate 
in any slot. The bus handles all in- 


ternal communications to facilitate 
orderly signal flow between cards. 
System function, memory type, and 
microprocessor type can be changed 
by exchanging cards. 

Compatible with Pro-Log’s stan- 
dard 4.5 x 6.5” (11.4 x 16.5-cm) edge 
connected cards, the bus is 56 lines 
wide. A motherboard contains the bus 
structure and a ground plane to mini- 
mize noise, in addition to card edge 
connectors for up to 16 cards and 
mounting brackets. It has been incor- 
porated in the 7000-series of 8-bit 
systems that consist of Z80 and 8085 
based processor cards, 16k-byte 
EPROM and RAM cards, 64-line TTL 
input and output port cards, and a 
TRIAC output card. 

A cross-licensing agreement be- 
tween the two companies permits 
them to begin manufacturing the 
same types of cards. Additional pro- 
cessor, memory, digital and analog 
1/o, peripheral 1/o, and industrial 
1/o cards for the bus are under de- 
velopment. 

Circle 411 on Inquiry Card 


Memory and I/O Devices 
Upgrade Performance and 
Speed of 8085A Systems 


Compatible with the 8085A-2 cru 
which operates at a clock rate of 5 
MHz and an instruction cycle of 0.8 
ps, three high performance memory 
and 1/o peripherals are high speed 
versions of comparable components 
introduced with the 3-MHz 8085A. 
The mos/tst devices are the 8155- 
2/8156-2, each of which contains a 
2k-bit static RAM with three program- 
mable 1/o ports (22 1/o lines) and a 
14-bit programmable counter/timer; 
and the 8355-2, which is a 16k-bit 
ROM with two programmable 1/o ports 
(16 1/o lines). The former device 
consists of RAM cells organized as 256 
x 8; the 1/o lines can be configured 
as two 8-bit ports and a 6-bit hand- 
shaking port. The latter contains a 
2k x 8-bit Rom; each line may be in- 
dividually programmed as input or 
output. 

Combined with the cpu, the de- 
vices form a 3-chip microcomputer 
system that allows the crv to function 
without wait states. Operating with a 
5-V supply, the system includes 38 
programmable parallel 1/o lines, serial 
1/o ports, system clock, system con- 
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A military computer system isn’t complete without a full 
line of peripherals...anymore than a commercial sys- 
tem is. That’s why ROLM provides peripheral devices 
in every major category. 

ROLM's family of Mil-Spec peripherals has a 
tougher role to fill than their commercial cousins. They 
have to be rugged...reliable...proven...documented... 
fully integrated and meets a long list of Mil-Specs. 

ROLM Tape Transports not only meet crucial Mil- 
Specs, they've established long term data reliability 
plus unit MTBF in excess of 4000 hours. 

Our compact Printer, which is as solid as a heavy- 
weight, weighs less than 65 pounds and provides a 
64-character ASCII subset at speeds up to 400 lines 
per minute. 

For random access storage the ROLM Flexible 
Disk Drive provides over three million bits of memory 
on interchangeable floppy disk media. 

The ROLM Magnetic Tape Cartridge recorder of- 
fers the advantage of cartridge operation with reel-to- 
reel performance. 


These are just a few examples of ROLM's line of 
Mil-Spec peripherals. We offer commercial devices 
too. And they're all supported by compact interfaces, 
like our new 3364 single-board magnetic tape control- 
ler, and by system and diagnostic software to enable 
you to easily and effectively operate each peripheral. 

Peripheral selection. Full system support. 


That's Why We're #1in 
Mil-Spec Computer Systems 


MIL-SPEC 


Computers 


4900 Old Ironsides Drive, Santa Clara, CA 95050. 
(408) 988-2900. TWX 910-338-7350. 


In Europe: Muehistrasse 19 D-6450, Hanau, Germany, 06181 15011, 
TWX 4-184-170. 


ROLM backs up its processors 


MESS 


with Mil-Spec peripherals 


Microprogrammin 


a re Z 5 - 
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Advanced Micro Computers announces 
System 29, the world's first complete development 


system for microprogrammed machines. It’s yours 
for under $20,000. 


There has never been a single tool available to 
assist in the complete development of micropro- 
grammed machines. Until now. 


System 29 is completely self-contained. It has 
everything from the microassembler that generates 
the code to the writable control store that simulates 
your PROMs. You build your prototype inside on uni- 
versal cards. Or outside with interface and cables. 

And you don’t need to stop at hardware. 

System 29 comes with a resident microassembler, 
microcode editing and debugging capabilities, 
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It’s as easy as AMC. 


and a time-proven disc-operating system. 

We saved the best for last: System 29 saves you Advanced 
gobs of expensive time. Whether youve writing, 5 
debugging or documenting microprograms, your Micro Computers 
first job will go 50% faster. And you can bank on a 
even greater time-saving after that. fe! 

So don't let microprogramming give you a hard sins il sy ae —— saan 
time. Get System 29. It's as easy as AMC. Distibuled ntliraly by Ackonioud ties spa 
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troller, multilevel maskable vectored 
interrupt control, and a programmable 
interval timer and event counter. 
Areas to which the system may be 
applied are industrial process control 
and instrumentation systems, peripher- 
als, diagnostic subsystems, test equip- 
ment, and commercial equipment. 
The three devices are offered by 
Intel Corp, 3065 Bowers Ave, Santa 
Clara, ca 95051 in 40-pin plastic and 
ceramic pips. The 8755A-2, a 16k- 
bit EPRoM that is pin and function 
compatible with the 8355-2, will be 
introduced later. 
Circle 412 on Inquiry Card 


Dc-De Converter's Triple 
Output Is Proportioned 
For Microprocessors 


The “sa” series module provides 30 
W of isolated regulated dce-de power 
for 8080 microprocessors and micro- 
computers. Standard input voltages 
are 12, 24, 28, 48, or 60 Vdc with 
output ratings of 5 V at 3 A, 12 V at 
1 A, and —5 V at 0.5 A. 

The 4 x 6 x 0.78” (10.16 x 15.24 
x 1.98-cm) metal “V” package has 
turret terminals on one side, and a 
24-in? (155-cm2) bottom mounting 
surface for external heat sink or 
chassis to maintain case temperature 
at less than 85 °C. Stevens-Arnold, 
Inc, 7 Elkins St, South Boston, MA 
02127 performs 100% testing and a 
minimum of 100-h burn-in on the 
series. 

The emi-rfi shielding consists of 
a 6-sided continual case shield, mul- 
tiple transformer shielding, internal 
1/o filtering, and low noise circuit 
design. Specs include +0.1% regula- 
tion, 60% power transfer efficiency at 
full load, 100-ys maximum load tran- 
sient recovery time, and isolation of 
1 x 10° © min/500 Vde min. Operat- 
ing temperature range is —25 to 71 
°C. Overvoltage protection is stan- 
dard on the 5-V output. 
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Simulator /Assembler 
Tools Facilitate 
yComputer System Design 


Plugging directly into the mother- 


board of Exorciser/Exorterm develop- 
ment systems, the MEXx6809sIm simu- 
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lator module and macro assembler 
serve as a development tool for the 
mc6809 microprocessor, which is to 
be announced shortly by Motorola 
Semiconductor Products, Inc, Micro- 
systems Div, po Box 20912, Phoenix, 
Az 85036. The module holds p/Rroms 
containing an expanded version of 
Exbug 1.2 and a program which sim- 
ulates the cpu instructions. Also in- 
cluded is an Mc6810 Ram to store 
simulated variables and an mc6820 
pra to handle user interrupts. A disk- 
ette contains the macro assembler and 
program to demonstrate the switch 
functions. 

With the editor, processor source 
code is entered through the terminal 
console and stored on diskette. The 
assembler then assembles the pro- 
gram. This edit/assemble sequence 
continues until the assembly is error 
free. To perform debugging, the user 
loads the resulting object code into 
the development system’s memory. 
Memory and 1/o boards compatible 
with the exorciser may be used with 
the module to simulate other portions 
of the Mc6809 microcomputer system. 
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Rapid Information 
Exchange Is to Occur 
Through "Z Users Group" 


Formation of the “Z Users Group” 
by Jon D. Roland, its organizer, is 
intended to facilitate the interchange 
of information, services, and products 
among users of devices based on the 
Zilog Z8, Z80, Z8000, Mostek 3880, 
and other microprocessors in the fam- 
ily, and also to encourage further de- 
velopment of components and _sys- 
tems. Independent of Zilog, Inc, Mos- 
tek, or other producers or users of Z 
chips, the group will exchange data 
on the processors, software, and inter- 
facing in systems ‘through a news- 
letter, for which contributions are 
solicited. Dues for the group, located 
at 1015 Navarro, San Antonio, Tx 
78205, are $5 per year. 


Wirewrap Panel Handles 
Interface Designs for 
6800 Microprocessors 


Dimensionally, 1/o, and bus compat- 
ible with the 6800MMa Microdesigner 


series panels, the wirewrap panel for 
the Motorola 6800 microprocessor in- 
terfaces memory, printer, or single- 
board computers used in the Micro- 
module family. Hybricon Corp, 410 
Great Rd, Littleton, MA 01460 has 
placed 52 columns of 43 contact 
holes/column on a 0.100 x 0.100” 
(0.254 x 0.254-cm) grid pattern. 
Plated through holes allow mounting 
of any combination of 1cs with from 
8 to 40 pins. Maximum capacity is 
95 16-pin pies. 

The 2-6800MMa panel contains a 
combination of 10 uncommitted V,, 
and ground planes. The 1/o structure 
has two 62-pin flat cable connectors 
and an 86-pin edge connector. Models 
are available in prepinned format with 
either nailhead or tin-gold socket pins. 
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SOFTWARE 


Software Supports 
9900 Family on Intel 
MDS Development System 


Pivot 9900, a cross support product, 
provides the Intel mps-800 or Series 
1 user with development support soft- 
ware for the 16-bit 9900 microproces- 
sor family. The software is constructed 
to work with the user’s 1s1s-11 operat- 
ing system, in 48k of memory; editing, 
file management, and P/RoM program- 
ming remain functions of the operat- 
ing system. 

Various program modules comprise 
the package. Source files are created 
and modified using the 1sis-11 text 
editor. The 9900 relocating, 2-pass 
cross assembler is then invoked to 
assemble these modules, producing 
object and list files. 

A linking locator creates a module 
for the simulator, and if desired, an 
absolute object module for the P/Rom 
programming utility. Linker direc- 
tives are contained in a command 
file. Performance measurement, de- 
bug, and error diagnostic features of 
the simulator allow verification of 
9900 program designs. The simulator 
operates in batch mode or normal 
interactive mode. 

After the 9900 code is debugged, 
the P/ROM programming utility con- 
verts an absolute module containing 
16-bit words into two firmware data 
files containing 8-bit words. These 
meet the formatting requirements of 
Intel’s P/RoM mapper software, which 
is used with the universal P/Rom pro- 
grammer to create p/RoM firmware. 


(Continued on p 120) 


Break the Nova 3 bottleneck 
I 


ft 4 
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MICRO DATA STACK 
PROCESSORS AND ELEMENTS 


Either single- or double-density 
versions are available, together with 
documentation and one year of soft- 
ware upgrade packages. Processor In- 
novations, 118 Oakland St, Red Bank, 
NJ 07701 is planning to introduce 
Pivot 9940 in January’ as an add-on 
or standalone development package; 
9900 family in-circuit emulation will 
be announced later. 
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12” CRT 
DISPLAY 


MONITOR 


Compatible with 
TV12 or TV120 


Priced Below the 
Competition 
Built-in Quality, 
Performance, 
Dependability 


MODEL CIQ-12C 


Debugging Is Achieved 
Through Simulation 
of 6800 Microprocessor 


To replace hardware logic analyzers 
or cpu emulators, Technical Systems 
Consultants, Inc, Box 2574, West La- 
fayette, rv 47906 has announced an 
assembler language program debug- 
ging tool that simulates all functions 


MODEL 
CIQ-12 (Kit) 


The low-cost CIQ-12 CRT Display 
Monitor provides data equipment manufac- 
turers with sharp, highly reliable image 
presentation. 

Separate horizontal drive, vertical drive, 
and video signal inputs mean elimination of 
composite sync and video signal process- 
ing and simple output circuitry. 

The completely new design of the com- 
pact integrated PCB utilizes the latest semi- 
conductor and other components, providing 
a dependable performance level never 
before possible. 

Delivered with P4 phosphor as standard. 
Available options are P31 and P39 phos- 
phors, sturdy zinc chromate plated chassis 
and a power supply module which is com- 
patible with practically any power supply 
standard in the world. 


FEATURES 


¢ Uniform High Resolution 
¢ Integrated PC Board 

* Dependable Construction 
¢ Squareness of Picture 


<@E C. ITOH ELECTRONICS, INC. 


5301 Beethoven Street Los Angeles, Calif. 90066 
Telephone: (213) 390-7778 Telex: (WU) 65-2451 


(with optional chassis) 280 Park Avenue, New York, NY 10017 
Telephone: (212) 682-0420 Telex (WU) 12-5059 
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of the 6800 microprocessor. User de- 
fined breakpoints set in RAM or ROM 
invoke any of eight actions in any 
combination. These actions may be 
delayed or limited by a pass count. 
For profiling the executed program, 
histogram breakpoints can be set. 

Trace mode allows viewing of the 
past 256 executed instructions, with 
registers and op code mnemonics dis- 
played after each instruction is exe- 
cuted. Single or multiple instruction 
stepping and simulation speed con- 
trol are permitted. An operator com- 
mand halts program execution at any 
time. 

Write, execute, memory, or simu- 
late protection of any section of mem- 
ory, as well as execution traps allow- 
ing program exit on general conditions 
are featured. Also included are a line 
at a time assembler, disassembler, 
memory interrogation commands, hex- 
adecimal calculator, machine states 
counter, stack protection, register 
modifier, and mode control. 

In a related announcement, the 
company is making the FLEx™ 6800 
disc operating system available for 
general orm licensing. The utility 
command set residing on the system 
disc provides the user with control 
of all disc operations from the user’s 
terminal. Support software to run 
under the system also is offered. 
Circle 417 on Inquiry Card 


Simulator for 6502 
Assists In Design and 
Testing of 8080 Software 


Executing the full 8080 instruction 
set, the 8080 simulator is configured 
for the xim-l, supporting register 
single step, program counter single 
step, and run modes. An _ input 
and output port, breakpoint operation, 
and rejection of illegal op codes are 
also offered. Internal 8080 registers 
are maintained so that contents may 
be examined or modified. 

Up to 224 bytes of 8080 program- 
ming space is available with an un- 
expanded xtm-l, since the simulator 
runs in less than 1k of memory. It is 
ROM relocatable and can be adapted 
to other 6502 based systems, 

Dann McCreary, 4758 Mansfield St 
#2V, San Diego, ca 92116 designed 
the simulator for use as a training aid, 
and for testing, designing, and run- 
ning 8080 application software (ex- 
cept for time sensitive applications). 
A xtmM-1 format cassette tape, user 
manual, and commented assembly 
level source/object listing comprise 
the package, priced at $18, plus $1.50 
postage and handling. Oo 
Circle 418 on Inquiry Card 
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Formula for memory metamorphosis 
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MICRO DATA STACK 
COMPUTERS AND SYSTEMS 


MICROCOMPUTER DEVELOPMENT SYSTEM 
OFFERS ADAPTABLE TEST CONFIGURATIONS 


Alan W. Bentley 


Cubic Corporation, Defense Systems Division 
San Diego, California 


A survey of microprocessors to determine the optimal 
choice for a data acquisition system application requiring 
arithmetic processing of 12-bit analog-to-digital converter 
output with a minimum of 24 bits of resolution to identify 
anomolies in the input signal led to the selection of the 
TMs 9900 microprocessor. This is primarily because of the 
arithmetic capabilities of its instruction set and the 16- 
bit data bus, which provides 32 bits of resolution when 
using double-precision data manipulation. 

Existing compact microcomputer development systems, 
which would be suitable for both prototype and service 
installation and testing, were dedicated to 8-bit 8080 or 
6800 architectures. Since these systems were not com- 
patible with the desired central processing unit (cpu) 
and its wide data bus, the decision was made to simul- 
taneously design an associated development system. This 
system was required initially to perform the functions of 
prototype hardware checkout and software development, 
and subsequently, to field-test the final configuration. Ful- 
filling these goals required a general purpose hardware 
design approach that stressed portability, low power con- 
sumption, and versatile front panel controlled testing. 

In addition, the following overall system requirements 
had to be fulfilled: (a) response time less than cpu cycle 
time to perform desired functions in cpu real time, 
(b) data monitoring transparent to cpu system, (c) no 
restrictions on cpu hardware or software, (d) no ap- 
preciable loading on bus and control lines, and (e) no 
interface modifications to cpu hardware or software. 


Data Acquisition System 


The microprocessor based data acquisition system is de- 
signed around the tTms 9900 cru (Fig 1), which has a 
16-bit data word divided into two 8-bit bytes. Inter- 
nally, the cpu is byte oriented, but external addressing 
is word oriented. Addressing capability is 216 bytes, or 
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215 words; therefore, there is a 15-bit external address 
bus (AO to Al4), with a sixteenth least significant ad- 
dress bit (tsp), A15, contained internally for byte manip- 
ulation. For both the address and data buses, the most 
significant bit (msB) location is labeled zero; thus, the 
16-bit data bus is labeled DO through D15 and the 15- 
bit address bus is labeled AO through Al4, both Msp 
to LsB. 

The system algorithm processes 12-bit digitizations of 
analog voltages, forms a Gaussian distribution by deter- 
mining background and variance values, and then per- 
forms exponential smoothing to update these values, 
thereby allowing the tracking of slow signal variations 
while searching for discontinuities in the changing input 
data. To perform the programming tasks for implementing 
the system algorithm and servicing the display interface 
with the cru instruction set, 512 x 16 words of read-only 
memory (ROM) and 256 x 16 words of random-access 
memory (RAM) are required. Consequently, memory is 
partitioned into pages of 512 words, using the nine least 
significant address bits (A6 through Al4). The six most 
significant address bits (AO through A5) are available for 
page addressing, allowing up to 2° (or 64) pages to be 
uniquely addressed. Since all external addresses are even, 
due to word orientation, the span of addresses is twice 
the number of unique locations. For example, the first 
(or ROM) page of 512 locations is addressed 0000, 
through O3FE,,, using only even addresses (0002,,, 
0004,., etc). Address bits A3 through A5 are demulti- 
plexed to become address vectors YO through Y7, repre- 
senting decoding for the 8 lower order pages of the avail- 
able 64. Five of these address vectors (YO through Y4) 
are used for software control of system functions, and 
one address vector (Y5) is delivered to the development 
system as a programmable storage command (strcmd). 
The last two address vectors (Y6 and Y7) are unused, 
along with the upper address bits AO through A2 and 
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Until now, you’ve either 
had to forego 16-bit pricing 
to get 32-bit performance, or 
you've had to give up 32-bit 
performance just to keep the 
budget in line. 

No longer. Now you can in- 
vest in a full-blown 32-bit com- 
puter and pay no more than 
you would for a 16-bit com- 
puter. And not have to worry 
about insufficient power for 
future needs. 

The SEL 32/30 is the small- 
est of the SYSTEMS hierarchy 
of 32-bit computers. But don’t 


let its small size fool you. This 
MAXIBOxX is big in perfor- 
mance and throughput, ideally 
suited for scientific or process 
control applications such as 
telemetry, simulation, indus- 
trial or laboratory automation. 
And it costs you no more than 
a 16-bit computer. 

The SEL 32/30 is value-en- 
gineered for the OEM. It is a 
single chassis, fully integrated 
system that is upward compat- 
ible with the entire SEL family 
of 32-bit computers. So even 
if you start with a minimal in- 
vestment, it will continue to 


pay off as your customers’ 
applications expand. 

If power and performance 
are what you need, and budget 
is a definite consideration, 
talk to us. We'll make sure 
that when you invest in a SEL 
32/30 MAXIBOX, more dol- 
lars will flow to your bot- 
tom line. 


Call us. We’re easy to talk 
to. (305) 587-2900 
6901 West Sunrise Boulevard 
Ft. Lauderdale, Florida 33313. 


New Developments for the OEM... 


The SEL 32/30 


MOS MAXIBOX. 


ENGINEERING LABORATORIES 
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ADDRESS VECTORS 


ROM ENABLE 
RAM ENABLE 
A-D ENABLE 


HEX ADDRESS SPAN 


0000-03FE 
0400-05FE 
0800-OBFE 


STOP PROGRAM: 
RUN « illadd -+- CLOCK ¢ ph2 + IAQ e iaq + 


BKPT (NORMAL + PROG) “equal” *ILLEGAL ADDRESS: 


AO + Al + A2 + Y6 + Y7 + Y1 © AG 


DISPLAY STORAGE 
INTERRUPT CLR 
PROGRAM STORE COMM 


NOT USED 


INSTRUCTION 
ACQUISITION 
(ioq) 
WAIT 


CPU READY 


MEMORY ENABLE 
*ILLEGAL 
ADDRESS: 

COMPONENTS 
PROGRAM STORE 
WRITE ENABLE 
INTERRUPT CLR 


0CO0-OFFE 
1000-*3FE 
1400-17FE 
1800-1FFE 


| ANALOG 


CONVERT 
COMPLETE 
INTERRUPT 
CPU 


DISPLAY 


Fig 1 Microprocessor based data acquisition system. Block diagram shows origin of development system interface sig- 
nals and functional control by address vectors. Listing defines address range and function of address vector 
decoder outputs YO to Y7. Stop program expression allows dynamic operation while monitoring address boundary. 
Also, program may be stopped at selected breakpoint, at each instruction acquisition cycle to verify ROM program, or 
at each clock cycle to monitor instruction execution and interregister data transfers 


the upper portion of RAM address page 0600,, through 
O7FE,. 

These unassigned signals, however, are hardwired to 
form an illegal address expression (Fig 1) for detecting 
illegal or unused addresses during checkout. The 64 
memory pages can be considered as 8 sets of 8 pages 
each, with only the lowest set valid for this application. 
To address the lowest set, three address bits (AO, Al, 
and A2) must be false. The seven unused sets are ad- 
dressed when one (or more) of these three bits is true; 
therefore, the condition “AO or Al or A2 is true” forms 
a portion of the illegal address expression, along with 
component “Y6 or Y7.” The remaining component (Y1 
AnD A6) represents the unused upper half of the RAM 
address page. Since A6 is the most significant address 
bit within the page, it is false for the lower or RAM half 
of the page, and true for the upper or unused half of 
the page. 


Microcomputer Development System 


In the development system (Fig 2), one of three input 
sources—address bus, data bus, or analog-to-digital (a-p) 
converter output—is selected by the source switch for 
routing to a 16-bit comparator. The comparator continu- 
ously relates the selected source signal with the setting 
of four hexadecimal thumbwheels. When the selected 
input value equals the thumbwheel settings, an Equal 
signal is issued to either store data or to suspend cpu op- 
erations. Additionally, the selected input source and data 
bus are both available to a 16-register last in, first out 
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(x1FoO) stack via the store control switch. Stack storage 
commands and data inputs are controlled by the source 
and store control switch positions and appropriate logic 
commands. 

Storage flexibility is shown by the store command ex- 
pression and tabular listing (Fig 2). For example, when 
the store control switch is in the comp (comparator) po- 
sition and the source switch is in the address position, 
if the thumbwheel settings and address bus are equal on 
a data write cycle, then the contents of the data bus 
are stored in the tro stack. Thus, this store operation 
uses the Memory Enable (memen), Equal, and Write 
Enable (we) commands as qualifiers, and allows all data 
written into an operator-selected address to be stored 
in the stack. The latest stack entry or the input bus sig- 
nal selected by the source switch is routed by the display 
switch to the 4-character hexadecimal display. 

Three address vectors—a-p Enable (Y2) 0800,,, Dis- 
play Storage (Y3) O0C00,¢, and Interrupt Clear (Y4) 
1000,,—are used in conjunction with a move (Mov) in- 
struction for system digital control. Coded within the 
move instruction are a source address and a destination 
address, and upon execution, a 16-bit data word is moved 
accordingly. The a-p converter reading is stored in RAM 
by executing a move instruction with source address 
0800,, (Y2) and the destination address within RAM 
address span Y1. Address vector Y2 is used to switch the 
3-state buffers to the active mode, placing the a-p con- 
verter output on the data bus; with the destination ad- 
dress bits A7 through Al4 applied to the nam addiess 
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We pioneered interactive graphic 
terminals. We've installed more high 
performance units than anybody 

else. So we know better than anybody 
else what it takes to get a system 
running smoothly. And we won't 
leave your side before it is. 


Name your application. CAD/CAM, 
Simulation, Command and 
Control, Data Analysis, Education, 
Publishing. Whatever you need 
computer graphics for. We'll help 
you design the system and set it 
in motion. 

The first step is to call (213) 
346-3410. Ask for “The Shotgun’’ 
Hell take it from there. 
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Right there with you. 


What You Need 
ls What You Get. 


Ramtek’s RM9000 modular graphics 
and imagery system gives you 
expandability, economy and flexibility. 


Process Control: Water facilities plant. 


Sétect The Performance You Need. 

The RM9000's total modularity lets you select 
the exact performance you need to fill your 
particular application. You pay only for the 
performance you need. Nothing more. And that's 
like money in the bank. 


Add On As You Have To. 


As your needs change and grow, the RM9000's 
capability will grow right along with them. A 
comprehensive list of options such as expansion 
from black and white to grey scale or color—even 
a complete range of interactive peripherals and 
additional independent channels. 


Microprocessor-Controlled Raster Scan. 


The RM9000 is the first raster scan graphics and 
imagery system to be totally microprocessor 


Imaging: Viking | Orbiter. 


controlled. That means you can implement a 
higher-order user language to minimize program- 
ming costs without a sacrifice insystem throughput. 


Functional. Reliable. Maintainable. 

High reliability is the direct result of intensive 
testing of components and systems prior to 
shipment. Solid state components and printed 
circuit construction are used exclusively. Result? 
No special preventive maintenance measures 
are required. In fact, the RM9000 can be pre- 
programmed with self-diagnostic capability. 


You Need To Know More. 


To fully appreciate the RM9000's capability, you 
need more details. Call or write Ramtek Corpora- 
tion, 585 N. Mary Ave., Sunnyvale, CA 94086. 
(408) 735-8400. 


framtek 


Our Experience Shows 


CIRCLE 59 ON INQUIRY CARD 


TABULAR REPRESENTATION OF STORE COMMAND EXPRESSION 


STORE 
CONTROL SOURCE DATA 
SWITCH SWITCH STORED 


NORMAL ADDRESS ADDRESS 
NORMAL DATA DATA 
NORMAL A-D A-D OUTPUT 


COMP ADDRESS DATA 


PROGRAM XXX DATA 
(ANY POSITION) 


“write enable” 


“write enable” 


QUALIFIERS REMARKS 


“memen" TRAIL OF LAST 16 ADDRESSES 
“‘memen"” TRAIL OF LAST 16 DATA WORDS 
“memen" TRAIL OF LAST 16 A-D 

“dtasel” CONVERSIONS 

‘‘memen” TRAIL OF LAST 16 UPDATES OF DATA 
“equal” IN MEMORY LOCATION 

SELECTED BY THUMBWHEELS 

“memen” TRAIL OF LAST 16 DATA 

“stromd” WORDS WRITTEN TO STACK UNDER 
PROGRAM CONTROL 


Note: When storing slowly changing data in the stack using COMP or PROGRAM, data can be monitored in real time by plac- 


ing “DISPLAY” switch to MEMORY. 


STORE CONTROL 


NORMAL 
COMP 
PROGRAM 


1 
1 
DATA 
16 BITS 


ADDRESS 
15 BITS 


A-D OUTPUT 
12 BITS 


ADDRESS 
DATA 
A-D OUTPUT 


SOURCE 


STORE COMMAND 


© POP STACK 


SOURCE 


MEMORY 
DISPLAY 


[ADDRESS* NORMAL + DATA* NORMAL +(ADDRESS* COMP + equal * PROG ®* strcmd) WE + A-D *NORMAL: dtase ) memen 


STORE ADDRESSES BUS STORE DATA BUS 


STORE A-D READINGS 


Fig 2 Development system data flow. Functional diagram shows routing of system buses to compar- 
ator, stack, and display. Store command expression and tabular listing demonstrate flexibility of data 
storage selection 


inputs and the RAM address vector Yl applied to RAM 
Chip Enable (cr), then the a-p converter reading is 
written into a RAM location. Address vector (Y2) is used 
as a “dtasel” (data select) command to signify that valid 
A-D data are on the cpu data bus. Vector Y3 is used to 
store the six tsps of the data bus (D10 through D15) 
in a hexadecimal storage flop for system display. Again, 
the move instruction is used, the source address is the 
data location in RAM, and the destination address is 
0C00,,. Vector Y3 is anped with Write Enable (we), 


and this output strobes the data bits into the hexadecimal 
storage flops. 

Vector Y4 is generated with 1000,, as the destination 
address of a move instruction. Since this is a control func- 
tion and data are not used, the source address can have 
any value. When executed, Y4 clears the interrupt flop. 

The address vector output Y5 (address 1400,,) is 
routed to the development system as a store command. 
With the store control switch in the program position, a 
move instruction with a RAM source address and 1400,, 
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as the destination stores the addressed data in the Liro 
stack. This provides a means of saving computational re- 
sults, while also allowing the stored values to be mon- 
itored in real time if the display switch is in the memory 
position. 


System Test Control 


Operation of the data acquisition system can be varied 
by a mode switch that externally controls the cpu ready 
line (Fig 1). During each memory cycle, the cpu tests 
its ready line; if it is false, cpu operations are suspended 
and a wait state is entered, illuminating a wait lamp. 
The current value of the input sources may be examined 
by using the source switch, and placing the display switch 
in the source position. While in the wait state, the cpu 
continues to sample the ready line. When this line returns 
true, the suspended memory cycle is completed and cpu 
processing is resumed. 

The mode switch has four positions, which allow se- 
lection of test functions. In the run position, the address 
bus is monitored, and the program will stop on an 
illegal address. The clock position will stop the cpu dur- 
ing each memory cycle, allowing monitoring of inter- 
register transfers. The 14Q position uses the cpvu’s instruc- 
tion acquisition (iaq) output signal, which becomes true 
each time the cpu fetches a new instruction, to suspend 
operations. This permits program flow tracing by monitor- 
ing each instruction as it is fetched from rom. The BKPT 
(breakpoint) position monitors the Equal output of the 
16-bit comparator and, in conjunction with the store con- 
trol switch, determines the resultant action. As the stop 
program expression (Fig 1) shows, the cpu ready line 
is driven false and cpu operations are suspended when 
the store control switch is in the normal or program po- 
sition. Moving the store control switch to the comp posi- 
tion, however, uses the comparator Equal output to push 


the contents of the data bus onto the iro stack. Con- 
tents of the Liro stack may be examined by the use of 
the pop stack pushbutton with the display switch in the 
memory position. The continue pushbutton sets the cpu 
ready line true, allowing the cpu to resume operation 
from the point of suspension, or the program can be re- 
started by use of the reset pushbutton. 

Data under program control, data written into any 
selected address, or a trail of the last 16 values of the 
bus selected by the source switch can be stored in the 
Liro stack. The program can be allowed to run without 
interruption while monitoring the address bus for illegal 
addresses, or while storing and displaying data written 
into any address; when desired, processing can be sus- 
pended at any address. Also, the cpu can be stepped 
through each Memory Enable cycle to monitor instruc- 
tion execution, or through each instruction acquisition 
cycle to monitor instruction flow. 

The development system, including controls and dis- 
play, is mounted on a 60-in? (387-cm?) printed circuit 
board, has a single voltage power requirement of 4 W at 
5 V, and mates with the microprocessor based data ac- 
quisition system through a test connector. Hardware im- 
plementation of the development system is an efficient 
design approach, as it fulfills the requirements of soft- 
ware development, hardware checkout, and test support 
by test configuration flexibility. 
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The Printer that's strongest on forms 
has an open-end approach 


to convenience 


Bank checks, standard and outsize single sheets, 
multipart report forms—our alphanumeric DMTP-8 
Impact Form Printer not only takes them all, but 
takes them with edge guided, three-sides open 
convenience to facilitate insertion. 


Best yet, it takes them... and takes them... and 
takes them, with the unmatched durability only our 
heavy-duty construction and extra-long-life dot 
matrix impact print head can provide. 


But the Practical approach to printing doesn’t stop 
there. With the DMTP-8, the character pitch is pro- 
grammable. An exceptionally long needle stroke 
assures crisp multiple-copy printing of thicknesses 
from .003” to .015” without adjustment. And easily 
replaceable ink rollers combine with a self- 
reversing ribbon for a 10-million character life. 


At 50 characters per line, that’s not just a lot of 
forms, it’s a lot of printer. At a good ($269 in 100’s) 
price. For more details, call or write: Practical 
Automation, Inc., Trap Falls Road, Shelton, 

CT 06484; (203) 929-5381 


PRACTICAL 


INC. 
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The right combination for you. 
Texas Instruments System Centers. 
Texas Instruments Supply Company. 


Texas Instruments designs them: 
TM990 microcomputer modules. 
They’re part of the broad 9900 
microprocessor family —a 16-bit 
family that gives you maximum 
flexibility and growth potential... 
protecting your development in- 
vestment. With minimum risk. 
Texas Instruments Supply Com- 
pany delivers them. Right now. To- 
gether with technical support ina 
System Center that’s designed to 
give you immediate “hands on” 
experience with the vast capabili- 


Texas Instruments Supply Locations: 


SOUTHWEST PACIFIC COAST 
Dallas (214) 238-6882 * 

Ft. Worth (817) 332-9361 
Austin (512) 258-6681 

San Antonio (512) 226-4194 
Houston (713) 776-6511 

Tulsa (918) 582-8272 
Oklahoma City (405) 239-2194 


San Francisco (415) 392-5700 
Sunnyvale (408) 732-5555 * 
Portland (503) 223-2953 

Los Angeles (213) 973-2571 
Orange County (714) 979-5391 
San Diego (714) 292-7101 


ties of the entire 990/9900 First 
Family. We’ll show you how to put 
these fine TI products together to 
design your own unique system. A 
system you can live with today. 
And tomorrow. 

Software support. Specialists 
who will work directly with your 
engineers and programmers. Sem- 
inars and training classes...all this 
from TI-trained personnel who 
know the technology first-hand. 
And can give advice consistent 
with the high quality you’ve come 


HAWAII 
Honolulu (808) 955-2617 


NEW ENGLAND 
Boston (617) 890-0510 * 
Connecticut (203) 281-4669 


MID-ATLANTIC 
New Jersey (201) 382-6400 


Long Island (800) 631-7335 

Philadelphia (215) 586-4300 
Washington (800) 631-7335 
Binghamton (800) 631-7335 


to expect of Texas Instruments. 

Our System Centers are located 
throughout the nation, so there’s 
sure to be one near you. Each 
offers immediate delivery of all 
TM990 modules, AMPL' develop- 
ment systems and a complete line 
of accessories. 

The products. The convenience. 
From the winning team. It’s all on 
display now at Texas Instruments 
Supply Company System Centers. 
Call or come see us today. 


MIDWEST 

Chicago (312) 640-2964 * 
Milwaukee (414) 784-3040 
Cleveland (216) 464-2435 
Dayton (800) 362-1320 
Cincinnati (800) 362-1320 
Denver (303) 751-1785 
Kansas City (816) 753-4750 


(609) 964-6644 


Or call this TOLL FREE number: (800) 527-7678 


° 
“Authorized Texas Instruments System Centers i} 


© 1978 Texas Instruments Supply Company 


TEXAS INSTRUMENTS 


SUPPLY COMPANY ari25 
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MICRO DATA STACK 


COMPUTERS AND SYSTEMS 


Single-Chip 4-Bit Microcomputer Family Matches 
Optimum Microcontroller to Specific Low End Needs 


The cop400 series of microcontrollers, 
consisting initially of 12 devices, are 
computers on a single chip with the 
necessary system timing, internal log- 
ic, ROM, RAM, and 1/o to implement 
dedicated low end control functions in 


Neeee 


Covering microcontroller develop- 
ment activities from concept to 
production, COP400 Product Devel- 
opment System is based on 16-bit 
microcomputer. It includes editor, 
macro assembler, and emulator 
card attachment. Functional test 
module handles incoming inspec- 
tion 


such high volume applications as 
clocks, timers, laboratory instruments, 
calculators, sequencers, and radio and 
appliance controllers. Range of mem- 
bers allows the user to specify a mi- 
crocontroller to meet a particular ap- 


plication, eliminating most needs for 
external interface logic. Memory, 1/0, 
and speed of parts vary, as do the 
electrical characteristics. Various 
clock, 1/0, and other options are mask 
programmed into the device when 
the rom is coded with the user’s dedi- 
cated program. 

National Semiconductor Corp, 2900 
Semiconductor Dr, Santa Clara, cA 
95051 has designed the instruction 
sets, internal architecture, and 1/o 
schemes to ease keyboard input/dis- 
play output and provide efficient Bcp 
data manipulation. Three fabrication 
processes used are an advanced high 
speed NMos, a low power NMos, and 
lower power CMos. 

All devices operate from a single 
supply and feature standardized test 
procedures to verify the internal logic 
and user program. Typical interfaced 
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Designated COP400 series, National Semiconductor’s family consists of 12 single-chip micro- 
controllers. Typical device is COP420/421. NMOS microcomputer contains system timing, 
internal logic, ROM, RAM, and I/O, providing customized control oriented processor at 
low end-product cost for medium to large volume users 
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Microcomputer with printer-$375. 
That’s Rockwell Micropower. 


For learning, designing, work or just fun, Rockwell's AIM 65 
f microcomputer gives you an easy, inexpensive head start. 


¢ 20-Column Printer and Display 
¢ Dual Cassette, TTY and 
General-Purpose I/Os 
* R6502 NMOS Microprocessor 
e System Expansion Bus 
* Read/Write RAM Memory 
¢ PROM/ROM Expansion Sockets 
¢ Advanced Interactive Monitor Firmware 
¢ Big Terminal-Style Keyboard 
For more on AIM 65 and how you 
can develop programs in assembly 
language or BASIC, write Microelectronic 
Devices, Rockwell International, 
D-727-A4, P.O. Box 3669, Anaheim, 
CA 92803 or phone (714) 632-3729, or 
contact your local Hamilton-Avnet office. 


A Rockwell International 


..where science gets down to business 
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devices include keyboards and dis- 
plays, external memories, printers, 
other cop devices, ADCs, DACs, power 
control devices, and general purpose 
microprocessors. Software/hardware 
compatibility exists among the family 
devices. 

Program development for the series 
is facilitated by the cops Product De- 
velopment System (pps) that is also 
being introduced. Built around a 16- 
bit microcomputer, 32k bytes of r/w 
memory, and 12k bytes of P/RoM 
firmware, the disc based system has 
a circuit fixture for incoming inspec- 
tion of the devices, as well as an 
editor and assembler for handling 
source code entry, conversion to ob- 
ject code, and maintenance of docu- 
mentation. An in-circuit emulator card 
attachment allows obiect code to be 
executed under control of a cop mon- 
itor debug utility. 

Central configurations of the family 
are the 28-pin pip cop420/420L/420C 
devices, with 1k x 8 rom, 64 x 4 RAM, 
vectored interrupt plus restart, 3-level 
subroutine stack, 23 1/o lines, 57-com- 
mand instruction set, internal time- 
base counter, internal binary counter 
register with serial 1/0 capability, 
general purpose and Tri-State™ out- 
puts, and Lep direct drive. The NMos 
420 operates over a 4.5- to 6.3-V 
single supply range and has a 4-ys in- 
struction cycle execution time. Op- 
erating supply current is 20 mA at 

V. 


Differences with the low power 
(40 mW, max) nMos 420L are a 4.5- 
to 9.5-V supply range, 16-ys instruc- 
tion cycle execution time, and divide 
by 32 crystal clock option. The cmos 
version, 420C, has a 2.4- to 6.3-V 
operating supply range; a dual clock 
mode option permits operation either 
at low speed (244 ys) with low 
power consumption or at high speed 
(16 ys) to perform internal data 
computations at a faster rate. A timed 
pause mode is provided that can be 
entered under program control. 

The 24-pin 421/421L devices are 
identical to the 420/420L except that 
they have 19 1/o lines and no inter- 
rupt capability. With the same elec- 
trical specs as the 420L/421L, the 24- 
pin 410L and 20-pin 411L instead 
have 512 x 8 nom, 32 x 4 ram, 43 
instructions, two stack levels, no in- 
terrupt capability, and 19 and 16 1/o 
lines, respectively. 

Expanded versions of the 420/420L, 
the 440/444L have the same instruc- 
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tion set and double the memory—2k 
x 8 rom and 128 x 4 ram. The 40- 
pin 440 has 36 1/o lines, while the 
28-pin 444L has 24 lines. The 
MICcROBUS*™™ compatibility option for 
the 420 and 440 allows it to operate 
as a peripheral microprocessor device. 
As such, it inputs and outputs data 
to and from any host microprocessor 
in the company’s MICROBUS compat- 
ible family of 8- and 16-bit micro- 
processors. 

The 40-pin 402 and 404L, alter- 
nate versions of the 420 and 444L 
respectively, contain no RoM. They 


Integrated Design 
of Computer Produces 
Portable System 


Processor and peripherals have been 
integrated by Durango Systems, Inc, 
10101 Bubb Rd, Cupertino, ca 95014 
to form a portable computer system 
slightly larger than a typewriter. The 
basic F-85, containing only 40% of 
the parts of other systems, includes a 
processor with 8k of rom and 48k of 
RAM, two random access diskette 
drives with almost 1M characters of 
storage, a 1920-character crt display 
screen, keyboard with 10-key pad, 
and 165-character/s bidirectional ma- 
trix printer. It is priced at $13,520. A 
second microprocessor and two intel- 
ligent controllers handle and optimize 
the performance of the printer, disk- 
ette drives, and display screen. 
Weighing about 65 lb (29 kg), the 
system is supplied with the px-85 
single tasking operating system and 
px-85M multitasking system that can 
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are applicable to prototyping a cop- 
400 system using the cop pps. In 
quantity, they suit small volume ap- 
plications using up to 1k x 8 and 2k 
x 8 bits of external Rom. The 402M 
is a MICROBUS compatible version of 
the 402, for use in prototyping sys- 
tems in small applications that use the 
420 as a host cpu peripheral com- 
ponent. Additional members to be in- 
troduced will feature expanded hard- 
ware and software capabilities, alter- 
native electrical specs, and smaller 
devices for less demanding applica- 
tions. 


handle up to five programs operating 
simultaneously. D-BAsIc compiler/in- 
terpreter, a commercially oriented 
BASIC language with extended capa- 
bilities, is available, as are small busi- 
ness applications software packages. 
The software supports IsAM, sequen- 
tial, and random file capabilities. 

Without affecting the unit’s size, 
the system can be expanded to in- 
clude 65k of memory, almost 2M 
bytes of RAM on diskette, and com- 
munications capabilities. A further in- 
crease can be made with the addition 
of up to four auxiliary keyboard/crr 
units, and a dual diskette drive unit 
for a total of almost 4M bytes. A ran- 
dom access fixed disc drive with ca- 
pacities of 10M and 20M bytes will 
be offered later. 

The system operates from a stan- 
dard 110-V outlet. This low power 
requirement allows an optional stand- 
by power unit to protect the user’s 
file from power failure and to provide 
automatic restart upon power resump- 
tion. 


Portability of Durango Systems’ 
F-85 desktop computer, achieved 
through 40% reduction in parts, 
is major factor for small business 
users. It a'so suits intelligent ter- 
minal applications of larger users 


COMPUTER DESIGN/DECEMBER 1978 


the best?’ 


— John Jacobs, ADDS Chief Engineer 


ADDS Regent is about the best TTY terminal That means fewer problems. And more Regents 


money can buy. | know. ! designed it. in your future. 

State-of-the-art: Regent uses the highest per- From the beginning, I've designed ADDS 
formance microprocessor components availa- equipment to be the very best. And 65,000 in- 
ble. know. | specified them. stalled terminals have proved me right. 

In fact, our sophisticated technology means ADDS Regent. Quality you canrely on. 


Regent is a remarkably simple terminal. It has ADDS, Applied Digital Data Systems Inc., 100 
fewer components than most of our competitors. | Marcus Bivd., Hauppauge, N Y 11787, (516) 231-5400. 


REGENT 
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Data Flexibility Is 
Available In Diskette 
Capacity Mag Tape System 


A data storage component employ- 
ing magnetic tape cartridges provides 
oEMs with an inexpensive means of 
building mass storage capabilities into 
microcomputer systems. DECtape I 
provides up to 262,144 bytes of aux- 
iliary data storage per cartridge. Re- 
cording data in block addressable 
form, the ru58 subsystem enables 
blocks to be replaced randomly, with- 
out disturbing data that has previously 
been recorded. 

A microprocessor employed in the 
tTud8 controller handles tape motion 
when seeking a location. The cartridge 
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Analog I/O Board Couples 
With LSI-11s to Perform 
Signal Data Processing 


SineTrac Ls series of analog interface 
boards slide directly inside the card 
cage of an tsI-11 or ppp-11/03 micro- 
computer, transforming it into a pro- 
grammable data logger, industrial 
process controller, data acquisition 
system, or other form of signal data 
processor. Built into the board is the 
ability to modify software and add on 
hardware in order to manage changes. 

Three circuit boards comprise the 
series. The primary board is an A-p/ 
D-A master peripheral with a maxi- 
mum of 32 single-ended or 16 differ- 
ential A-p channels and 2 optional p-a 
channels. A Pacer clock with 16 pro- 
grammable timebases, interrupt cir- 
cuit, and 4-bit digital outputs are in- 
cluded. An optional +15-V dc-dc 
power converter eliminates external 
power requirements. Featured are 12- 
bit binary resolution, 25k-sample/s 
throughput rate, and optional pro- 
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drive can thus be operated with 
simpler software than is usually re- 
quired, and as an added benefit re- 
duces overhead of the host computer. 

The unit from Digital Equipment 
Corp’s Components Group, One Iron 
Way, Marlborough, Ma 01752 con- 
nects to DLv11 or piv11-J interfaces 
for use with the ts1-11 or ppp-11/03; 
it may also be used with other proces- 
sors. Features include asynchronous, 
full-duplex serial output, and jumper 
selectable baud rates from 150 to 
38.4k. 

A maximum of two drives may be 
connected to a controller. A single 
drive with controller is $446 per sub- 
system (100-unit quantity). Addition- 
al drives, also 100-unit quantity, are 
priced at $116 each. 


DECtape II component level 
data storage system interfaces 
with Digital Equipment Corp’s 
LSI-11. and PDP-11/03 micro- 
computers. TU58 subsystem 
cartridge drive records data in 
block addressable form, facil- 
itating data replacement 


grammable gain or low level instru- 
mentation amplifier. Pricing starts at 
$625 for a board with only 16 single- 
ended -p channels. 

The slave A-p multiplexer expander, 
adding another 32 single-ended or 16 
differential channels to the system, 
offers a maximum of 64 single-ended 
channels on two boards. The master 
board controls and powers the ex- 
pander board. Both boards occupy 
two 8.5 x 10” (21.6 x 25.4-cm) quad 
positions in the microcomputer; other 
master/slave combinations may be 
added. 

The third board, an 8.5 x 5” (21.6 
x 12.7-cm) 4-channel p-a analog out- 
put peripheral, can be cascaded. Digi- 
tal outputs are included for external 
device select lines, pen up/down con- 
trols, and write/erase commands. Op- 
tions are de-de +15-V power con- 
verters. 

A-D throughput period is 20 ys, and 
input ranges are 0 to 5, 0 to 10, +5, 
or +10 V. Eight channels accept shunt 
resistors for current input ranges. Ac- 
curacy of the a-p section without the 


amplifiers is +0.025% of rsp, +) isp. 
Full-scale drift is +20 ppm of Fsr/°C. 
Inputs sustain +35-V continuous over- 
voltage. 

Datel Systems, Inc, 1020 Turnpike 
St, Canton, MA 02021 includes a diag- 
nostic program on paper tape. Octal 
printouts of A-p data are obtained as 
soon as signal inputs are connected 
and the diagnostic is loaded. For 
troubleshooting, the program tests all 
data paths by looping on error con- 
ditions for study by oscilloscope or 
logic analyzer. The a-p output may 
be routed to the p-A section for com- 
parison; sawtooth patterns may be 
generated by the p-as. 
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Expansion Board 
Interfaces S-100 Type 
Boards to PET wComputer 


Attaching directly to the Commodore 
PET microcomputers memory expan- 
sion connector, the Betsi interface 
board provides interface logic and 
four S-100 slots. It operates from any 
S-100 power supply, without interfer- 
ing with the computer's parallel or 
IEEE ports. 

Announced by Forethought Prod- 
ucts, PO Box 8066, Coburg, or 97401, 
the single 10 x 5.5” (25.4 x 13.9-cm) 
board contains an onboard dynamic 
memory controller for the s.p. Sales 
“Expandoram” memory board. This 
permits the computer's memory to 
be expanded to 32k with a single S- 
100 card. Sockets and decoding cir- 
cuitry for 8k of p/rom (2716) allow 
for additional firmware. Prices are 
$119 for the kit, $165 assembled and 
tested. 
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Analog I/O Board 
Includes Digitally 
Controlled Amplifier 


Plug-in compatible with Intel ssc-80, 
Intellec® mops, and National Bic-80 
microcomputers, the mMpP8418 micro- 
peripheral offers 12-bit resolution with 
3l-channel analog input and 2-chan- 
nel analog output. The cru treats 
these analog systems as memory. 
Analog input portion of the board 
includes overvoltage protection to 24 
Vdc; provision for up to eight 4- to 
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interdata FORTRAN Vy 


FORTRAN VII makes our fast-running 8/32 
computer even faster. It comes in ahead of 
any other comparably-priced FORTRAN 
system. Faster by factors of five, ten, even 
100, in execution time benchmark 
comparisons. 

For example, when we ran a Table- 
handling Binary Search (40KB Array) with 
FORTRAN VII, it took only 26 seconds. On 
other systems, the best previous time 
recorded was about two minutes. 

To achieve this speed without 
compromise, we brought together a group 
of mathematicians; their assignment was 


to find and refine algorithms to establish 
new standards of accuracy for the 
industry. They did just that. 

Optimizing makes it fast. 

FORTRAN VII speed is in the optimizing 
compiler: not local, not block, not 
peephole, not window, but global. Global 
optimization gives the FORTRAN VII 
compiler the high-level intelligence which 
compresses FORTRAN programs into 
absolute minimum run times. 

How fast will your programs run? 

You can measure Interdata FORTRAN 

VII performance against your standards: 
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run your FORTRAN programs on our 
system and make your own 
unquestionable comparisons. There is no 
obligation, of course. For more about 
FORTRAN VII or to arrange to run your 
program, please call us: 

Toll-free: (800) 631-2154 


New Jersey (201) 229-6800), or TWX 710 722-3897 

Arcueil (Paris) 1 664-4110 Slough (England) 0753-34511 
Minchen 089 753081 Sydney 612-887-1000 
Singapore 2200949 Toronto (416) 677-8990 


PERKIN-ELMER 


Data Systems 
135 


MICRO DATA STACK 
COMPUTERS AND SYSTEMS 


ADR7/ 
ADRI/ 


ADDRESS 
BU 


DECODER 


ADDRESS 


TIMING LOGIC 


XACK 
INTO/INT 7/ 
INH] 


—— 
—: ANAL 

| MULTIPLEXER 

< 


OG 
EXE 
i 
Ls 


INPUTS 


CONTROL AND 


INH2 


DaAT7/ 
DATO/ 


OPTIONAL 
SOFTWARE 


12- BIT 
A-D CONVERTER OGRAMMABLE 
GAIN AMPLIFIER 


STROBE 
ouT! 


+ AO RET! 


12-BIT D-A 
CONVERTER 


ANALOG 
OUTPUTS 


12-BIT D-A 


OUT 2 
T 
CONVERTER RET 2 


High and low level inputs are features of the analog I/O system de- 
veloped by Burr-Brown. Electrically and mechanically compatible with 
Intel’s Multibus® and other similar microcomputer configurations, 15- 
channel differential board has input portion of analog multiplexer, 
resistor or software programmable amplifier, sample/hold amplifier, 
and 12-bit ADC. Output section—two 12-bit DACs—is optional 


20-mA inputs; analog multiplexer; 
sample and hold amplifier; and 12- 
bit apc. A software programmable 
amplifier or resistor programmed in- 
strumentation amplifier can be se- 
lected. The programmable amplifier 
offers 11 binary weighted gains from 
1 to 1024, suitable for low signal level 
applications. An onboard RAM allows 
the proper gain for each channel to 
be set automatically when the chan- 
nel is addressed. 

Designed by Burr-Brown Research 
Corp, International Airport Industrial 
Pk, po Box 11400, Tucson, az 85734 
for high and low level inputs, the 


Microcomputer Offers 
Onboard Keyboard, 
Printer, and Display 


Intended as an educational aid and 
general purpose or development mi- 
crocomputer, the R6500 Advanced In- 
teractive Microcomputer (AIM 65) 
incorporates a 20-column printer, 20- 
character alphanumeric display, and 
54-key terminal style keyboard. Both 
the 1k- and 4k-byte RAM versions are 
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board is available with an optional 
analog output system, consisting of 
two 12-bit pacs with control logic 
and double buffered inputs to mini- 
mize glitches. A dc-de converter also 
is included. 

One expander board extends the 
system to 63 differential channels. An- 
other input channel is used as ground 
reference for automatic calibration. 

The board features memory map- 
ping and easy programming. With 
resistor programmed gain, it costs 
$450; with software programmed 
gain, $550. 
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designed around the R6502 cpu, 
which has 65k address capability with 
13 addressing modes, true indexing, 
and decimal and binary functions. 
The 8k rom resident monitor pro- 
gram provided by Rockwell Interna- 
tional’s Electronic Devices Div, 3310 
Miraloma Ave, Po Box 3669, Ana- 
heim, ca 92803 contains a set of self- 
prompting debug and text editor com- 
mands. Programming is done at as- 
sembly language level with mnemonic 


instruction entry and memory disas- 
sembly functions. 

With spare sockets, memory can be 
expanded to 20k bytes via user P/ROM 
based programs or the company’s 2- 


pass assembler and Basic interpreter 
ROM options. An edge connector al- 
lows external access to the system bus 
for memory and 1/o expansion. A sep- 
arate connector interfaces a Try and 
two standard audio cassette recorders. 
It includes a_ Versatile Interface 
Adapter (via) that has three 8-bit 
bidirectional ports (two parallel, one 
serial) and two 16-bit programmable 
interval timer/event counters. 
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Three Components 
Are Standalone, 8-Bit 
Parallel Microcomputers 


The pPp8035 and pPp8048, as well as 
the forthcoming »Pp8748, are single 
component NMOs microcomputers ful- 
ly compatible with the industry stan- 
dard 8035/8048/8748. Operating 
from a single 5-V supply, they have 
a 2.5-ys cycle time, single-level inter- 
rupt, 96 1- or 2-byte instructions, and 
8-level stack. 

The pPp8048 contains 1024 x 8 
bits of program rom, 64 x 8 bits of 
data RAM, 27 1/o lines, 8-bit interval 
timer/event counter, and _ oscillator 
and clock circuitry. The -8748 differs 
in the use of a 1k x 8-bit EPROM, 
while the -8035 is scheduled for ap- 
plications using external program 
memory. NEC Microcomputers, Inc, 
173. Worcester St, Wellesley, ma 
02181 has manufactured the 40-pin 
plastic or ceramic pips so that their 


‘functional power can be expanded 


using standard 8080A/8085A periph- 
erals and memory products. 
Circle 425 on Inquiry Card 
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THE WINCHESTER 
THAT'S WINNING THE WEST. 


MTBF: in excess of 10,000 
power-on hours 

Access time: 10 milliseconds 

» track-to-track, 40 milliseconds 

‘average. 

rice: in 100 quantities, 

nominally $2900, M2251; 

P3280, M2252; $3900, M2253. 

Mail in the coupon today for 

fast, full information on our 

complete line of Winchester 

echnology and storage 

module disk drives. 

Fujitsu America Inc., 

2945 Oakmead Village 

Court, Santa Clara, CA 

95051. Tel: 408/985-2300 

Telex: 357402 

TWX: 910-338-0047 
Prices subject to 

i 2 change without 

: [2 notice. 


Fujitsu design. Western quality. 
From the world's largest 
alternative manufacturer of 
Winchester technology disk 
drives. Drives that are winning 
OEMs on reliability, 
performance, price: The “= 
M2251, M2252, and M2253 ba e: 
with 12.5, 25, or 50 megabytes -- : 
of unformatted storage and : 
flexible program or data 
loading from external 
sources such as diskette 


drives, cartridge drives, Ji 
storage module ; << 
drives, tape drives 


or communica-— 
tions lines. 


Sales Representatives 
Northeast R. H. Sturdy Co., Inc.: Massachusetts 

rce t esley Hills 02181, Telephone: 
harles Sutherland. Connecticut —32 Horsesh 


€ 


167 W, 
6/ Wor 


1. New Jersey—Hansen Assi 

sen. Pennsylvania —Hopkins Associates, 26 Su ! ry 

27-1127. John Hopkins. East Central Dietrich § t Manion Bldg 
\ 3, Te ve: (216) 781-1855. Jim Dietrich. Michigan—7200 E. Ten Mile 


Inc 


|¢ 


Javid Walton. Pennsylvania—90 Claireton Blvd 
ietrich. Southwest The Thorson Company: Texas 
I 113) 77 Alpha Road 


sphone 3504 


i 9744, Joe Bonick; 300 E. | 

€ ’. jim Trulove. West and Hawaii 
California randa Court, Los Altos Hills 94 Te 
Edwards Ass¢ Southern California—Bldg. K 2808, O 
Telephone: (213) 328-9770. Allen J. Edward: 


Mie oiss sn: 
FUJITSU OEMS. 
ee YOU'RE A WINNER WITH FUDITSU. 
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For Fast, 
Accurate 
Data Entry. 


Wanuid 


Bar code gives you virtually error 
free input, confirmed by an audible 
read signal. 


Unskilled factory workers achieve 
data entry rates of several hundred 
characters per second with virtually 
no training. 


Typical Applications 
Production Control 
Inventory Control 
Wholesale Distribution 
Hospital Records Systems 
Libraries 
Intermec bar code printers and 
readers are microprocessor based 
for system flexibility and 
compatibility. 
e Multiple Bar Codes 
® User Selectable Protocol 
e Readers with Dual I/O Connectors 
® Specialized Printer Keyboard 
Logic for Maximum 
Data Preparation Efficiency 


© RS232C_ ¢ ASCII 


Intermec manufactures a complete 
line of bar code printers and readers 
which have become standards of 
the industry. 


For more information contact: 
Interface Mechanisms, Inc., 
PO. Box “N;’ Lynnwood, WA 
98036, Phone (206) 743-7036, 
TWX (910) 449-0870 


i ERMEC 


Expert in Bar Code 


iiREADERSWPRINTERSII 
li WANDS Il 


138 CIRCLE 66 ON INQUIRY CARD 


MICRO DATA STACK 
COMPUTERS AND SYSTEMS 


S-100 Bus Disc Subsystem 
Stores 10M Bytes of Data 
In a Single Device 


A single-board controller, interconnect 
cable, and Control Data Corp “Hawk” 
disc drive that utilizes a 5M-byte fixed 
disc and 5M-byte removable cartridge 
for a total of 10M bytes of storage 
comprise the AM-500 subsystem. The 


Development System 
Network Shares Resources 
Among Eight Designers 


The multistation network of Ad- 
vanced Microcomputer Development 
Systems (Amps) allows disc memory 
and printer resources to be shared si- 
multaneously with up to eight users, 
reducing the typical development sys- 
tem cost/station by utilizing these re- 
sources fully. Comprising the network 
are the Network Control Processor 
(ncp); double-sided, double-density 
floppy disc unit; medium speed line 
printer; and up to eight satellite amps 
terminals, which combine cpu, key- 
board, and crt in one enclosure. 
Sharing the disc and printer on a 
“round robin” basis using a disc shar- 
ing algorithm and communications 
protocol, the Ncp controls access to 


interrupt driven controller board re- 
quires a simple interface to the cpu 
operating system; it performs com- 
plete 512-byte transfers. 

Although Alpha Micro, 17881 Sky 
Park N, Irvine, ca 92714 designed the 
rackmount device to work with the 
AMOS operating system, it may be 
purchased in a standalone cabinet to 
be used with other operating systems 
on the S-100 bus. AMos permits mul- 
tiple user, multiple tasking, time- 
sharing, and memory management; 
up to four drives can be daisy-chained 
to one controller. Unit price is $7995. 
Circle 426 on Inquiry Card 


these devices, providing exclusive/ 
shared access to files, freeing files 
when a satellite station is powered 
down, and queuing printing requests. 
In the worst-case condition with all 
users simultaneously making requests, 
max wait time for disc access is 9 s. 

Futuredata Computer Corp, 11205 
S La Cienega Blvd, Los Angeles, ca 
90045 has developed the system as a 
distributed processing network with 
dedicated cpu and memory in each 
satellite terminal. Supporting hard- 
ware/software development for the 
8080, 8085, 8086, 6800, 6802, and 
Z80, the terminals can be located up 
to 400 ft (122 m) from the ncp. A 
high speed serial data link transmits 
50k bytes/s over a single twisted pair 
cable. amps terminals are converted 
for use as an NcpP by interchanging 
two plug-in cards. 


LOGIC ANALYZER 
EMULATOR 


| ADVANCED 
MICROCOMPUTER 
DEVELOPMENT 


STATION NO.! | 


L 


USER 
HARDWARE 


DEVELOPMENT 
STATION NO. 2 


ADVANCED 


STATION NO. 8 


OOk- BIT 


J 500k- 
LINK 
NETWORK 
CONTROL 
ADVANCED ie PROCESSOR 
MICROCOMPUTER Ps (NCP) 


UP TO 400FT ——» 


fea DISC. | 
CONTROLLER 


LINE 
PRINTER 


ee 


Futuredata Computer Corp’s distributed processing approach to microcom- 
puter development system network al:ows up to eight users to work inde- 
pendently. Each satellite station can support a different processor type. 
Network control processor governs access to disc unit and printer 


Circle 427 on Inquiry Card 


COMPUTER DESIGN/DECEMBER 1978 


Designed to be redesigned. 


Chances are, the intelligent terminal you really need PROM, or can be downloaded into RAM from a host 
doesn't exist yet. computer or from disk. 

That's why we build the Conrac 480, The Soft Many software modules are available off-the-shelf, 
Terminal. It's designed to be — like a basic editing package, and proto- 


la handlers for IBM, Burroughs, and 
Univac. More are on the way. 
To make microprogramming 
easy, you can use the AMI 6800 
Microcomputer Development 
Center software, which runs 
perfectly on our terminal. 

That's power! 


Attractive outside as well as 


redesigned by your software to 
fit your system like a glove. 


Flexible hardware to start 
you off. 

Most CRT terminals are built 
around one large circuit 
board, which doesn’t 

leave you much flexibility. 
The Conrac 480, on the other 


hand, offers you the benefits of a SS inside. 

clean bus architecture. Plug in four Any way you look at it, the Conrac 
cards, and get a basic working terminal. # te pint 480 is attractive. The basic version 
Plug in up to twelve additional cards, and Be Avene "= "mm §=— is only 20" deep and fits where 
get some real power. Cards like RAM up to _ Space is limited. Its understated 
48K bytes, PROM up to 16K bytes, and interfaces modern styling blends into virtually any decor. 


And you can have your own color and texture. 

Operators love the feel of our long-life capacitive 

keyboard with sculptured keys. And our sharp 

and stable CRT display. As a matter of fact 
we're known worldwide as the manufac- 
turer of professional video monitors. 


to floppy disk drives, printers and other peripherals. 


Software to make it happen. 

Do you need a special keyboard, char- 
acter set, or set of terminal attributes? 
No problem. Just plug in a special 
PROM. 

With the proper MPU software, the Conrac Write to us or give us a Call for more facts. 
480 can be configured as a polling terminal We'll send you a comprehensive 12-page 
or aS a powerful microcomputer. Or as brochure on The Soft Terminal. And we promise 
anything in between. This software can reside in not to use “hard sell.” 


GONRAC NORTH AMERICAN SALES 
. Conrac Division, 600 N. Rimsdale Ave., Covina, California 91722 


pt Telephone (213) 966-3511; Telex 670437 
Bg a 
cot ALL ttt in EUROPEAN SALES 
TTT TT TTrTit fi Conrac GmbH, Industriestrasse 18, D-6992 Weikersheim, W. Germany 
aes Telephone (07934) 675, Telex 74250 
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MICRO DATA STACK 
COMPUTERS AND SYSTEMS 


Controller /Formatter 
Interfaces Multibus 
to Hard Disc Drives 


Hpc1880 is a single-board bipolar 
microprocessor controlled formatter/ 
controller that connects microcom- 
puters using Intel’s Multibus to front 
or top loading disc drives such as 
Diablo 44B, Wangco, or other similar 
units. It features pMa, 20-bit Multi- 
bus addressing, built-in soft error re- 
covery, and 5-V only operation. 

Four drives can be controlled by 
one device. Each drive has one fixed 
and one removable 5440 type car- 
tridge pack to provide 40M bytes of 
online storage. Firmware that Inter- 
phase Corp, 200 E Spring Valley Rd, 
Richardson, Tx 75081 supplies on- 
board can be custom coded to inter- 
face to other discs or cpus, or to al- 
low the cpu to independently perform 
time-consuming system level func- 
tions. 
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Enhanced Single-Chip 
Microcomputer Gives 
High Level Performance 


Inherent in the design of the mc6801 
microcomputer unit is flexibility, due 
to the presence of an onboard serial 
communications interface, RoM, and 
RAM, and to the chip’s ability to op- 
erate with either an internal or ex- 
ternal clock, each having a choice of 
three mode options. In single-chip 
mode, all four ports (three 8-bit and 
one 5-bit) are configured as parallel 
1/0; the comparable peripheral con- 
troller mode configures all ports as 
parallel 1/0 except for port 3 which 
becomes a peripheral data bus for 
interface to a master microprocessor 
unit. Expanded, nonmultiplexed mode 
allows direct interface to M6800 
peripherals, but limits the address to 
256 bytes. Expanded multiplexed 
mode provides the full 64k bytes of 
address when used with a standard 
multiplex latch. 

Introducing prototype quantities of 
the single-chip unit, Motorola Semi- 
conductor Products, Inc’s Integrated 
Circuit Div, 3501 Ed Bluestein Blvd, 
Austin, Tx 78721 is aiming it at low 
cost, high performance systems. The 
31 Trt compatible, parallel 1/o lines 
allow the configuration to be tailored 
to specific needs or criteria, serving as 
a cost-effective instrument and tool 
for design and instrumentation efforts. 
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MASK OPTIONS 


i—] 


EXTERNAL CLOCK/ 
DIVIDE - BY-ONE 
MC6801E 


USER 
OPTIONS 


ee ee mas | 
CONTROLLER | | uy tpt exep) |MULTIPLEXED 


ENABLE 


SINGLE || EXPANDED || expanpeD 
CHIP Mutt ipvexeo| |MULTIPLEXED 
ea 


MODE OPTIONS 


= J 
MODE OPTIONS 


Versatility of Motorola’s MC6801 microcomputer unit is ex- 
emplified by choice of mask and mode configurations. Pri- 
mary options are internal clock/divide-by-four or external 
clock/divide-by-one masks. These are then divided further 
into three modes: single-chip or peripheral controller, ex- 
panded nonmultip!exed, and expanded multiplexed operation 


An enhanced mc6800 cpu with an 
increased instruction set is expandable 
to 64k words of address. Other fea- 
tures include a 16-bit timer, 2k bytes 
of mask programmable rom, 128 
bytes of RAM, an internal clock with 
a divide-by-four circuit, interrupt ca- 
pability, and object code compatibility 
with the M6800 instruction set. It is 
compatible with hardware and soft- 
ware components of the M6800 fam- 
ily, and interfaces directly with Tru 
and mos peripherals. The nmos de- 
vice requires only a 5-V power supply. 

Mc6801L1, the first offering, is 
programmed with a general purpose 
routine called tm-Buc™ for use in 
prototyping systems for evaluation; it 


is used in the Mc680leEvM Microcom- 
puter Evaluation Module. An 
McC6801E version will also be offered. 
This mask option uses an external 
clock for slaving in a multiprocessor 
system in which the host is any 
M6800 family processor; the micro- 
computer acts as an intelligent periph- 
eral interface without sacrificing com- 
puting power. 

The 40-pin ceramic pir mc6801 
costs $35 each (minimum of 250). 
Mc6801L1 is priced at $49.95 (unit 
quantity). An EPROM _ version 
mc68701, to be available first quarter 
of 1979, is tentatively priced at $95 
in unit quantities. 
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Timeshare System Based 
On Single-Board Computer 
Reduces Maintenance Cost 


The functions of the cpu, 65k bytes of 
RAM, DMA, realtime clock, program- 
mable interrupt controller, floppy disc 
controller, and three rs-232 interfaces 
with programmable synchronous and 
asynchronous baud rates are placed 
on a single 9.5 x 13.5” (24.1 x 34.3- 
cm) pc board. Micro V Corp, 17777 
sE Main St, Irvine, cA 92714 houses 
this board with two double-sided 8” 
(20-cm) floppy disc drives and a 
power supply in a tabletop 8 x 17.5 x 


24” (20 x 44.5 x 61-cm) console, 
labeled the MicroStar™ model 45. 
The RETMA rack mountable unit 
features an optional system configura- 
tion integrating a video display and 
detachable typewriter keyboard with 
10-key pad. The timeshare, small busi- 
ness computer features the UPDATE™ 
database management system to ease 
custom programming. The user can 
define a dictionary of words that is 
used to facilitate report generation. 
Also supported are the sTarpos™ 
multiuser timesharing system and 
ce/mM™ disc operating system. 
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MSC Makes 


The Best Controller 
You'll Ever See. 


On the left, the cabinet model 
of our 1000 Series disk-based con- 
troller. On the right, our host resi- 
dent version of the same series. But 
left or right, a lot of folks for a lot of 
reasons think of the 1000 Series as 
“the consummate controller.” 

It’s simply got so much more 
going for it. 


More Functional. More 
Versatile. More Reliable. 
More Maintainable. 


In short, the 1000 Series by 
MSC is a more sensible controller 
buy. Because that’s the way we de- 
signed it. 

Powerful. So that users can 
access up to 1200 megabytes of on- 
line storage at data transfer rates of 
up to 1.2 megabytes /sec. 

Flexible. So that users aren’t 
locked into one manufacturer’s drive 
or one particular drive technology. 
The MSC 1000 Series accommodates 
both removable and Winchester fixed 
media — in Ampex, Memorex, 
CalComp, CDC, ISS, Microdata, 
Okidata, Kennedy and _ Fujitsu 
drives. 


Modular. Simple. Smart. So 
that users can easily upgrade the 
1000 Series in the field. And so that 
maintenance and downtime will be 
negligible anyway. Thanks to the 
single board construction, low parts 
count, on-board microdiagnostics, all 
quality components and low stress 
design that account for a phenomenal 
MTBF. 


More Features Up Front. 
More Experience Behind It. 
The MSC 1000 Series boasts a 
history of proven performance in a 
wide range of minicomputer operat- 
ing systems. As a single, host resi- 
dent board in the Nova and Eclipse, 


One 
More Miracle 


From Microcomputer 


OrWon'. 


as well as with Interdata. And as a 
separate cabinet in the HP3000 and 
21IMX. IBM Series/l. PDP-11. 
Microdata 1600. 

In the four years that MSC’s 
1000 Series has been at work in the 
field, the installed base has grown to 
over 2000 units. So that when we 
talk reliability, maintainability, power 
and performance, it’s more than just 
talk. 

And when we talk operational 
features like error correction, sophis- 
ticated channel techniques, automatic 
self-test, overlap seek capability and 
logical to physical drive correlation, 
we are talking about a commitment to 
incorporating innovation in all of its 
scope and each of its details into every 
product we design and manufacture. 

The MSC 1000 Series disk- 
based controller is a measure of that 
commitment. 

Call us for more information. 
MSC. Microcomputer Systems 
Corporation. 432 Lakeside Drive, 
Sunnyvale, California 94086. (408) 
733-4200. TWX 910-339-9359. 


Systems Corporation. 


MSC 1000 


Series. 
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MICRO DATA STACK 
COMPUTERS AND SYSTEMS 


SOFTWARE 


Added Utilities Enhance 
User Oriented Multidisc 
Operating System 


Version 2.05 of mmpos, the iMsAr mul- 
tidisc operating system, contains over 
20 utilities such as an 8080/8085 as- 
sembler, peripheral interchange pro- 
gram, dynamic debugging tool, disc 
and memory diagnostic program, and 
data management facilities. Enhance- 
ments added by mmsat Manufacturing 
Corp, 14860 Wicks Blvd, San Le- 
andro, ca 94577 include a video/con- 
text editor with video cursor editing, 
character pointer position, and con- 
textual string/matching editing; sup- 
port of 17 floppy disc formats, such as 
various sector sizes, single- and dou- 
ble-density, and standard and double 
track; and formats for 35-, 40-, and 
77-track mini-floppies. The system 
supports hardware compatible with 
1BM formats for double density. 


pap : 
ta capacity 
Raymond's Model 6409 
Mini-Raycorder packs 128K 
bytes of storage and the 
performance of much larger 
systems into micro-sized 
hardware. Yet, it has all the 
reliability which you have 
come to expect from Ray- 


mond, The Small Tape Drive 
Experts. 


For complete information, contact: 


Raycorder Products Division 
Raymond Engineering Inc. 


Customized drivers can be added, 
since the system includes the source 
for user modification of 1/o drivers. 
The cENEsys utility contains a built- 
in linking loader that handles any 
changed length of the 1/o driver. A 
cold-start command provided by the 
utility allows the user to specify any 
valid system command during system 
generation. 

Sequential and random _ access 
modes are provided. A program file 
load command supports program over- 
lays and chaining. Compatible with 
cp/mM™, the user oriented system con- 
currently supports multiple disc inter- 
faces online. Scientific BAsIc-E is sup- 
plied with the operating system. 
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Features of Disc 
Operating System 
Upgrade Performance 


Mzos, a disc operating system for the 
Z80 and Micropolis disc drives (up to 
four drives) featuring _compatibility 
with North Star pos software, is de- 
signed to support the company’s Mz 
computer system or a similar config- 
uration. System performance is im- 
proved with such features as implied 
execution which permits a file to be 
executed by typing the name, listing 


217 Smith Street, Middletown, Connecticut 06457:(203) 632-1000 


a subsidiary of Raymond Industries 
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of the directory in two formats, and 
drive recalibration each time the di- 
rectory is listed. 

Other features incorporated by 
Vector Graphics Inc, 31364 Via 
Colinas, Westlake Village, ca 91361 
include a set of error messages, file 
protection against deletion, and a 
special method of writing data on the 
disc. Specific identification is associ- 
ated with each sector, eliminating 
the possibility of unknown seek errors, 
Added commands allow verification of 
sectors of files and renaming of files. 
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Multiuser BASIC Has 
COBOL File Handling 
for Microcomputers 


PANA/BASIC is a multiuser operating 
system, extended Basic language pro- 
cessor, and comprehensive file man- 
agement system for use on Intel 8080, 
8085, and Zilog Z80 microprocessor 
systems. Most of the functional capa- 
bilities specified in Level 2 of the 
1974 anst copoL have been included 
by Panatec Inc, 1527 Orangewood 
Ave, Orange, ca 92668. 

The timeshared, multiterminal op- 
erating system features quick response 
time in multiterminal environments. 
Queued 1/o permits overlap of com- 
putation and 1/o operations while a 
background processor is provided so 
that long running programs can be 
run in the background freeing ter- 
minals for independent data entry or 
inquiry. 

File organizations include sequen- 
tial, relative (direct), and indexed 
sequential; access modes include se- 
quential, relative, indexed, and con- 
secutive. Dynamic access allows one 
or more users to access the same file 
in more than one access mode. The 
system handles multiple user access, 
automatically protecting files during 
update. 

Four data formats are decimal, ex- 
tended precision decimal, binary in- 
teger, and string. Normal internal ac- 
curacy is nine decimal digits; in ex- 
tended precision decimal format, it 
is up to 15 digits. 

String handling capabilities suit the 
language to text editing; word pro- 
cessing, and data formatting. Both 
substring reference and string arrays 
are included. cosot style format edit- 
ing and string match facilitate report 
writing and screen formatting. 

Further capabilities of the software 
are interactive data entry and control, 
external subroutine capability, inter- 
task communications, and various sys- 
tem utilities. The system is available 
on a nonexclusive permanent license 
basis. oO 
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_ Is the real cost of your next disk. controller being buried? _ 


If you're about to. buy. anéw ato Seta for plussthe additional savings von ‘ll gain by fos: — 
your Mass Storage Systémh, watch out*for buried ® havin to rewrite the driver each time your i 


costs. Eighty-six percent of the real cost of a “mainframe manufacturer releases anew OS. A “* 
nontransparent disk gontreller could besspent in ‘The AED 8000 controller not only runs all 
future upkeep of mainframe software! This means software for the emulated disk, without 
you could end up paying seven times the purchase patches or software revisions, but also runs 
price of that ‘economical’ controller you are now mainframe manufacturer's disk diagnostics. 
considering! As amoney-saving alternative, ‘ And the 8000 now interfaces with Storage 
consider the AED 8000 micro-controller. It Module Drives including Winchester Technology 
emulates the OEM's disk.controlléf even if that —all for a one time purchase price that is 
hardware is changed through several geperations. surprisingly low. Write or call our Marketing 
Think of the money saved by not having to write Manager today for the facts. He’ll make your 
“ea software driver when you first get the controller; new controiler’s future look a lot brighter! 


ADVANCED ELECTRONICS DESIGN 440 Potrero Ave., Sunnyvale CA 94086. Tel. 408-733-3555 
Branch Offices: Boston (617) 275-6400, Los Angeles (714) 738-6688 
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AROUND THE iC LOOP 


EXTERNAL ARITHMETIC PROCESSORS 


Scott Smith 
Integrated Computer Systems, Inc 
Santa Monica, California 


S ince their introduction, microprocessors have found 
widespread acceptance as control “black boxes” to route 
data and command signals. On the other hand, the micro- 
processor’s lack of fast computational power has been 
responsible for its failure to penetrate markets requiring 
such capabilities for use in complex numerical processing. 
These markets have therefore resorted largely to older 
arrangements such as minicomputers with custom arith- 
metic processors added, or expensive hardware logic pro- 
cessors implemented in medium-scale integrated (mst) 
logic, bipolar bit-slice processors, or even analog systems. 
However, even these solutions are faced with constraints 
involving expense, bulkiness, and power consumption. 

In response to this situation, semiconductor manufac- 
turers are handling a wide range of arithmetic processor 


needs by introducing very-large-scale integrated (vist) 
chips that interface easily with microprocessors. Thus, the 
control capabilities of the microprocessor are combined 
with an external chip having powerful arithmetic capa- 
bilities, resulting in computational tools that rival complex 
minicomputers at a fraction of the cost. Examination of 
the vist arithmetic processors being produced reveals a 
hierarchy of strategies that are being used by the semi- 
conductor vendors in their efforts to provide arithmetic 
processing at low cost. 


Need for Arithmetic Processors 


Arithmetic processing is required for all kinds of signal 
processing applications. These applications include, but 
are not limited to, graphics, filtering, data reduction, 


Typical Multiplier Chip Performance 


Manufacturer ModelNo. WordSize Speed(ns) Power(W) Comments 


TRW MPY-8HJ 

TRW MPY-12HJ 
TRW MPY-16HJ 
TRW MPY-24HJ 


Monolithic 
Memories 57558 


AMD 25805 
TRW TDC1003J 


TRW TDC1008J 
TRW TDC1009J 


TRW TDC1010J 
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Multiplier 
Multiplier 
Multiplier 
Multiplier 


Multiplier 
Multiplier 
Multiplier- 
Accumulator 
Multiplier- 
Accumulator 


Multiplier- 
Accumulator 


Multiplier- 
Accumulator 
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radar, speech synthesis, and other forms of analog syn- 
thesis. When these applications are carried out in real 
time, the computational loads increase enormously. Maxi- 
mizing the data throughput rate becomes the single most 
important requirement and has several effects on design. 

Hardwired logic processors are implemented in fast 
semiconductor technologies, usually Schottky Tri or ECL. 
As many operations as are economically possible are per- 
formed in parallel and systems are virtually custom de- 
signed to eliminate (or at least minimize) any nonarith- 
metic movement of data. 

Since minimum word size is usually 12 bits and floating 
point numbers are typically 32 bits, large numbers of 
logic elements must be interconnected in very complex 
configurations to handle the data volume. This complexity, 
combined with the speed requirements of the devices, 
causes a heat dissipation problem when the circuit is 
reduced to fit on a single semiconductor chip. Conse- 
quently, some arithmetic chips require special cooling or 
must be fabricated in packages that include heat sinks. 


Design Approaches 


Since the design of the processing section must be op- 
timized, available chips vary widely in their approach. 
These approaches range from the fast specific multiplier- 
accumulator chips for which the user must provide the 
control circuitry to the general and somewhat slower firm- 
ware processors such as the Advanced Micro Devices 
(amp) 9511 (see Computer Design, Aug 1978, p 176). 
Another strategy is to draw on both of these approaches 
and mount all necessary arithmetic elements and control 
circuits along with a firmware memory on one chip. The 
user then optimizes the arithmetic performance of the 
chip for his application by specifying the firmware. This 
approach is used by American Microsystems Inc (Amr) 
in the $2811 signal processing peripheral chip. 

Beginning with Basics—User-Built Peripherals—Most com- 
putation in signal processing is implemented as addition, 
subtraction, multiplication, or division. Although micro- 
processors can handle addition or subtraction, their per- 
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formance of multiplication and division is lacking. For 
example, the software to perform a 16-bit addition on the 
8080 requires only on the order of tens of microseconds 
while 16-bit multiplication takes over 1.2 ms. Consequent- 
ly, several manufacturers, notably TRw, have developed 
chips that perform multiplication in parallel (see Com- 
puter Design, Dec 1978, p 162). Composed solely of 
those logic gates required to implement the multiplication 
function itself, the chip’s propagation delays are dropped 
to the 100- to 200-ns range. Multipliers come in different 
word sizes from different manufacturers as indicated in 
“Multiplier Chip Performance.” 


CHARACTERISTIC 
2’S COMPLEMENT 

PouT. 

XIN YON 


Frequently, numerical calculations of the form Az + 
By + Cz +... are performed. For this purpose the multi- 
plier-accumulator chip is frequently used (see Fig 1). 
Multiplier chips can be used with floating point numbers 
as well as fixed point, as is illustrated in Fig 2. 

Coming From the Calculator End—Arithmetic Processing 
Units—Complex math functions such as trigonometric func- 
tions or exponentiation have been performed for some 
time in Mos calculator chips. These chips are so slow 
however, that at the present time, complex math is in- 
stead being performed in the microprocessor itself. To 
close this gap, vendors have begun introducing chips with 


MANTISSA 
2’S COMPLEMENT 
CLOCK MSPoyT. LSPourT. 
x 


XIN YIN 


Go os 


2's Complement Block Diagram 


x, Y¥, P CLK 


OUT ENABLE N 


DATA BUS 


lo: Mo Nye My 


Ny. My 
c% NORMALIZED 
PRODUCT 


No * Mo 


NORMALIZED 
PRODUCT 


2's Complement |/O Timing Diagram 


Fig 2. Floating point multiplication using one multiplier. In this circuit, clock X, Y, P causes 
circuit to operate in two phases. In first phase, source registers L: are loaded with two char- 
acteristics while multiplier calculates mantissa products. On second clock, output of adder is 
loaded into L:, and its contents (in conjunction with multiplier NORM and OVF outputs calcu- 
lated in previous clock phase) are processed by ALU to normalize Pour. At same time, multi- 
plier outputs results of previous multiplication on MSPovr and LSPour lines. In this way, data 
lines are effectively multiplexed for both input and output, and floating point result is kept nor- 
malized at same time (Courtesy of TRW LSI Products) 
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the necessary speed, most notably amp with the 9511 
arithmetic processing unit. This chip features all “slide 
rule” functions—add, subtract, multiply, divide, trigono- 
metric functions, inverse trigonometric functions, square 
roots, logarithms, exponential functions, and floating 
point/fixed point conversions—and performs them on 16- 
or 32-bit fixed point numbers or 32-bit floating point 
numbers. 

Data are communicated between the microprocessor 
and the 9511 via either programmed 1/o or direct mem- 
ory access if a DMA controller is used. Packaged in a 24- 
pin pip that requires 12 and 5 V, it can multiply two 


CONSTANT ROM 
128 X 16 


Se 16-BIT BUS = 
voo [> 
“= t> eee 
vss [_> 
16 BITS 
ARITHMETIC INSTRUCTION DECODE 
SEQUENCER AND CONTROL 


WORKING REGISTERS 
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if 8-BIT BUS 
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16-bit fixed point numbers in 42 us; a high speed Am9511- 
4 version performs the same multiplication in 21 ys. This 
represents arithmetic processing that is 200 to 400 times 
faster than implementing the function in software. The 
function requiring the longest time to execute is the float- 
ing point power function which takes up to 3 ms in the 
fast version. 
Programming the unit is accomplished by ttansmitting 
command bytes to the arithmetic processing unit. Five 
bits in the command byte specify 32 differént arithmetic 
calculations, two bits select the data format, and one bit 
commands the unit to interrupt when it has completed 


a oe 


Fig 3 Block diagram of 
arithmetic processing 
chips. Organized much 
like 1-chip microcom- 
puter, 9511 has ROM, 
RAM (working registers), 
CPU, and 1/0. In addi- 
tion it has stack RAM 
that is organized as 
either four words of 32 
bits each or eight words 
of 16 bits each. All arith- 
metic operations derive 
their input parameters 
from stack and output 
results to there ds well 
(Courtesy of Advanced 
Micro Devices) 
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A-D 
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VERTER 


SERIAL 


SIGNALS 
isan i} 
xt Fig 4 Signal processing peripheral 
A-D within microcomputer systems. De- 
CLOCK signed to interface to, but operate in- 


ferred serially or in parallel; here SPP 
is shown reading serial input from A-D 
converter (Courtesy of American Micro- 
systems Inc) 


dependently of, microprocessor, $211 
optimizes performance, with its own 
clock oscillator. Data may be trans- 
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Fig 5 SSP block diagram. Chip contains two arithmetic units: 12-bit multiplier and 16-bit adder/subtractor 
unit (ASU). OP1 and OP2 signals leaving instruction decode block specify two independent operands to be 
specified per instruction. Scratchpad memory is composed of both ROM and RAM and may be accessed via 
indirect and base relative addressing (Courtesy American Microsystems, Inc) 


the calculation. Data are transferred in 8-bit “chunks” to The Middle Method—User-Programming of Arithmetic 
a register stack that is organized either as four 32-bit fixed Processor—After examining the available digital signal 
or floating point registers or eight 16-bit fixed point reg- processing strategies in depth, amr concluded that there 
isters (see Fig 3). was a minimal price/performance threshold to be achieved 
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in order to realize a fast inexpensive processing peripheral 
that could quickly perform algorithms such as fast Fourier 
transforms (FFTs). Previous approaches have relied on 
bipolar bit-sliced technologies or analog techniques. AMI 
has produced a chip, called the “S2811 Signal Processing 
Peripheral,” that effectively competes with bipolar and 
analog approaches. Location of the spp within a micro- 
computer system is shown in Fig 4. This chip has the 
following features: 


(1) High density (32,000 transistors) achieved utilizing 
V-groove Mos (vMos). 


(2) Architecture oriented toward custom digital signal 
processing via an onboard 12-bit parallel multiplier and 
customer defined algorithms implemented in a 256 x 17- 
bit firmware RoM. 


(3) Directly compatible with the Motorola 6800, and 
with others if a few mst packages are added. Packaged 
in a 28-pin pip, it consumes 500 mW and will cost less 
than $75. Development aids are available including an 
ICE, assembler, and a microcomputer development unit. 


The block diagram (Fig 5) shows how the spp is 
utilized in a microcomputer system. Operation of the unit 
is dependent, of course, on the application firmware in- 
side the unit. This unit can make use of the 128 x 16-bit 
RAM and 128 x 16-bit rom, high speed (300 ns) 12-bit 
parallel multiplier, four different addressing modes, special 
registers for indexing, and the multibus structure, which 
promotes concurrent operations. Indeed, two operands 
are specified in each microinstruction. A skilled firmware 
programmer can achieve impressive results with this unit; 
for example, it has been programmed to perform a 128- 
point complex rrr in 11 ms. This compares to 20 ms and 
more for a dedicated minicomputer and approximately 2 
ms for a dedicated system that utilizes the fast multiplier 
chips. amr feels this performance represents a cost/benefit 
breakthrough in digital signal processing and is planning 
further signal processing products that will include EpRoM 
programming, greater multiplier accuracy, larger memory 
capacity, and faster instruction execution times. 


Summary 


Parallel multiplier or multiplier-accumulator chips (such 
as those produced by TRw) used in a custom circuit will 
provide the fastest performance, albeit at the cost of de- 
signing a circuit containing several mst and tsi chips. For 
slower but more versatile mathematical capability at low 
cost, the 9511 arithmetic processing unit from amp will 
perform slide rule functions hundreds of times faster than 
an equivalent software routine in the microprocessor itself. 
Finally, the amr $2811 signal processing peripheral can be 
optimized through firmware to achieve very high per- 
formance at low production cost. These and future chips 
will revolutionize digital signal processing as much as 
microprocessors have impacted the low end digital com- 
puter market. 
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Bus-Compatible Multiplying DACs Have High Speed Data Latch 


Monolithic 8-bit multiplying digital- 
to-analog converters are able to in- 
terface to virtually any microproces- 
sor, whether bipolar or Mos. Features 


LSB 


Do BD) D2 D304 Ds Dg D7 


of the 20-pin dual inline Am6080 in- 
clude an 8-bit input data latch; 
onchip write, chip select, mMss-select, 
and data enable logic; and a differ- 


MSB 


f 


V- 


Fig 1 


OUTPUT 
MULTIPLEX 


OUTPUT SEL 


Equivalent circuit of Am6080 DAC employs dashed lines for ad- 


ditional parts added in  AM6081 design. Common to both systems are 
high speed 8-bit data latch, write, chip select, and data enable logic 
on-chip, bit switches and ladder, data gate, and reference amplifier. 
Characteristic of the 6081 only are 2-bit code and output status latches, 
along with associated gate circuitry, and output multiplexer 


ential analog output. The 24-pin 
Am6081 also contains a status en- 
able and output select as well as a 
second pair of differential outputs, 
enabling it to range select at the 
output, or function as a timeshared 
DAC or ADC. 

Both devices have a minimum data- 
hold time of 10 ns guaranteed over 
the entire operating temperature 
range, Power requirements are +5 to 
+15 V, allowing use of digital sys- 
tem supply levels. The devices are 
avaiabie in 0.1 and 0.19% accuracy 
levels over the operating tempera- 
ture range. Both commercial and 
military temperature range units are 
available. 

These converters allow a choice of 
several different coding formats—six 
formats for the 6080 and eight for 
the 6081. The most significant bit can 
be inverted or noninverted under con- 
trol of the code select input. Code 
control also provides a zero differen- 
tial current output for 2’s comple- 
ment coding. A high voltage com- 
pliance, complementary current out- 
put pair is provided. The data latch 
is very high speed, making the de- 
vice capable of interfacing with high 
speed microprocessors. To the micro- 
processor, the DAC appears as a mem- 
ory element. 

Monotonic multiplying performance 
is maintained over a more than 40 


KKK) XXX 


ouTPuT !'o 
lo 


Fig 2 Timing diagram for Am6080. Parameter tow (data write time) is overlap of W (write) low, CS (chip select) 
low, and DE (data latch enable) low. All three signals must be low to enable latch. Any signal going inactive 
latches data. Parameter ts (settling time, all bits switched) is measured with latches open from time data 
become stable on inputs to time when outputs are settled to within +z LSB; all bits switched on or off. 
Internal time delays from CS, W, and DE inputs to enabling of latches are all equal. Other parameters in dia- 
gram are tpym (data hold time) and tns (data set up time) 
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Now there’ an easier way 


to get a full m 
of microco 


iCOM® gives you a full megabyte of 
microcomputer storage in our new 
FD3812 floppy disk system. It’s a 
complete, intelligent system that 
includes two floppy disk drives, a 
built-in double-density controller that 
can handle up to four drives, power 
supply and cabinet. You get a compact, 
powerful package that 
simplifies your design 
at a price you might 
expect to pay fora 
single-density 
system. For use with 
any S-100 bus, Intel 
Multibus™ and others. 
IBM format. 

Our new FD3812 
microcomputer floppy disk subsystem 
is compatible with the IBM double- 
density format used for single sided 
recording. And, it has the kind of 


features that have made iCOM the first 
name in Microperipherals®. Like 
retractable heads that extend media 
life. Long-lasting proven ferrite 
read/write heads. And, the option of 
direct memory access data transfer to 
and from the disk. 

Easy conversion for FD3712 users. 
If you’re using our 
FD3712 disk systems, 
we've made it easy for 
you to move up to our 
new FD3812 and 
double your storage 
capacity—using our 
application note for 
system upgrade. The 
FD3812’s cabinet size 
is the same. And, our double-density 
controller’s electronics are contained 
on a single, compact board. 


egabyte 


Frugal Floppy™ 

We even have a “frugal” version of 
the FD3812 which means you have the 
controller and drive without the power 
supply and cabinet. You can order a 
single drive with controller. And drives 
can be positioned vertically or 
horizontally in standard EIA cabinets. 
A Real Time Saver, too. 

Available with our FD3812 is our 
exclusive Real Time Saver, a tightly 
written real-time operating system 
(RTOS) that cuts software 
development time, shortens lead 
time, and reduces programming time. 
In addition, the FD3812 is available 
with CP/M™ operating system. 

For more information on the FD3812 
or other iCOM Microperipherals, call us 
today at (213) 998-1800, TWX (910) 
494-2093. Or write iCOM, 20630 


Nordhoff Street, Chatsworth, CA 91311. 


iCOM, the first name in Microperipherals 


Products of Esa) Pertec Computer Corporation 


Built and backed by Pertec Computer Corporation (world's leading independent producer of computer peripheral equipment and distributed processing and data entry systems) 


©1978, iCOM® is a registered trademark of Pertec Computer Corporation 
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to 1 reference current range. Match- 
ing within +1 tsp between reference 
and full scale current eliminates 
the need for full scale trimming in 
most applications. 

The manufacturer, Advanced Micro 
Devices, Inc (901 Thompson Pl, Sun- 
nyvale, ca 94086) guarantees full 8- 
bit monotonicity. Device performance 
is stated to be essentially unchanged 
over the full power supply voltage 
and temperature range. 

Among other device characteristics 
are 160-ns settling time for the 6080 
(200 ns for the 6081), full scale 
current prematched to +1 tsp, high 
output impedance and voltage com- 
pliance, full scale current drift of 
+5 ppm/°C, multiplying capability 
over a 2-MHz bandwidth, direct in- 
terfacing to TTL, CMos, and NMos, 
and a high speed data latch having 
an 80-ns minimum write time. Ab- 
solute maximum ratings are set at the 
same levels for the two devices. Tem- 
perature must remain between 0 
and 70 °C during operation of com- 
mercial version and between —55 
and 125 °C during operation of mili- 
tary version. Storage temperature is 
between —65 and 150 °C. Other 
maximum ratings include a +18-V 
power supply and logic inputs from 
—5 to 18 V. 

Applications include microprocessor 
compatible data acquisition systems 
and data distribution systems, 8-bit 
ADCs, servomotor and pen drivers, 
waveform generators, programmable 
attenuators, analog meter drivers, 
programmable power supplies, cRT 
display drivers, and high speed mo- 
dems. 

Circle 350 on Inquiry Card 


Fast P/ROM Features 
Low Power Operation 


Having a typical power dissipation 
of 37 w~W/bit and an 80-mA_ sup- 
ply current, the 8192-bit bipolar 
field programmable read-only mem- 
ory provides an access time no great- 
er than 175 ns. The manufacturer, 
Signetics, 811 E Arques Ave, Sunny- 
vale, cA 94086, claims that the high- 
est speed available in a comparable 
MOS P/ROM is 450 ns. 

The N82Ls180/81 uses 60% less 
power supply current than the ear- 
lier 8k-bit P/Rom, the N82S180/181 
(which has a 70-ns access time). This 
reduction in power supply current 


152 


Aa 


ADDRESS 
LINES 


64% 128 MATRIX 


WV6 } 1216 J 116 | 1216 V6 | 1216 | 1516 
MUX | MUX | MUX | MUX MUX | MUX | MUX 


©, O2 O3 O% O5 Og 


OUTPUT LINES 


Block diagram of 82LS180/181 bipolar P/ROMs shows address lines, 
four chip-enable inputs, and output lines. Also indicated are 1 to 64 
decoder, 64 x 128 matrix, and 1 to 16 multiplexers 


provides substantial power savings 
and higher field reliability through 
reduced junction temperature. 

Devices are supplied with all 
outputs at logical low. Outputs are 
programmed to a logic high level at 
any specified address by the fusing 
of a Ni-Cr link matrix. There are no 
separate fusing pins. 

The 180 is an open collector model 
and the 181 has a 3-state output. 
Other characteristics common to both 
versions include full Tri compatibil- 
ity, onchip decoding, and four chip- 
enable inputs for memory expansion. 
Absolute maximum ratings limit sup- 
ply voltage (Voc) to 7 V, and 1/o 
voltages to 5.5 V. 

Military versions $821s180/181 
are characterized by a maximum 
loading current of —150 yA (in 
contrast to —100 pA for the com- 


CMOS A-D Converters 
Provide Flexible 
uProcessor Interface 


Based on cmos technology, a pair of 
monolithic analog-to-digital convert- 
er circuits interface easily to micro- 
processor systems. Available from 
National Semiconductor Corp (2900 


mercial version) and by an operat- 
ing temperature range from —55 to 
125 °C (in contrast to 0 to 70 °C 
for the commercial version). Com- 
mercial parts are available in stan- 
dard 24-pin plastic or ceramic pack- 
ages, and the military components 
conform to mil specs in ceramic. 
The combination of low power, 
fast access, and high reliability makes 
the chip appropriate for use in Mos 
microprocessor units, telecommunica- 
tions, portable instrumentation, auto- 
motive engine controls, and military 
applications. Within these general 
applications, the component lends it- 
self to both prototyping and volume 
production for sequential controllers, 
microprogram storage, hardwired al- 
gorithms, control store, random logic, 
and code conversion. 
Circle 351 on Inquiry Card 


Semiconductor Dr, Santa Clara, cA 
95051) in both a 3%-digit version, 
apc3511, and a 3%-digit version, 
apc3711, the devices provide ad- 
dressed, binary coded decimal out- 
put for digital systems. 

Two cmos chips similar to these 
(the app3501 and app3701) have 
been offered by the same manufac- 
turer for some time as digital volt- 
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The new oe soot 


HyFeed Cut Sheet Feeder 


Unidirectional and 
Bidirectional Tractors 


RO and KSR Cover Sets —— 
—e€ - 


Friction and Pin Feed Platens 


Mechanical and Auto Front 
Feeders 


Power Supplies, Strappable 
for Foreign and Domestic Use 


hii ye ae Ours 
AR Buffer Expansion 


Interface Options 


Firmware 
Options 


Multi-strike, Fabric, Color, 
and Tivo-color Ribbons 


es 
oi 


88, 92, 96 Character 
7 Standard Keyboards Long-life Metal Print Wheels 
Including ASCH, APL and European 


The new Diablo 1650 Series Printers and Terminals are what you make them. 
Because you have a lot more options with Diablo than you'll find with other manufacturers. So now 


you can design the exact communications, word processing, or data processing printing system you need, 
and easily change it as your needs change. 


You can select interface options, paper handling options, as well as expanded processing options. 
If you'd like to know more about the 1650 Series, call collect (415) 786-5207, or write us at 
24500 Cridcstrial Blvd., Hayward, CA 94545. We'll be hap y to discuss your options with you. 
And you'll see the advantages of having equipment de A signed by the leading actehuseity in the field. You. 


Diablo Systems 
Diablo? HyFeed and XEROX? are trademarks of XEROX CORPORATION. XEROX 
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Microprocessor compatible A-D converters ADC3511 (3¥%2-digit) and ADC3711 (3%4-digit) are CMOS devices that pro- 
vide addressed BCD output for digital systems. Pulse modulation analog-to-digital conversion technique is used, 
requiring no external precision components 


meters. The low cost of these devices 
led system designers to consider their 
use as A-D converters in data acquisi- 
tion systems. However, their internal- 
ly generated digit scanning rates, 
meant for driving multiplexed 7-seg- 
ment displays, made them difficult 
to interface to digital systems. This 
led to the design of the present de- 
vices with addressed Bcp outputs mak- 
ing them suitable for use as apcs 
and allowing easy interfacing. 

An apc (of either of these two 
types) makes the converted value of 
the input sign available one scp 
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digit at a time. The value of the 
digit selected by the two latchable 
digit select inputs is presented on 
demand at the device outputs. This 
“addressed” scp method of data 
transfer not only simplifies system 
interface, but allows these convert- 
ers to be housed in 24-pin pips. 

The converters use pulse modula- 
tion conversion, an integrating con- 
version technique, requiring no exter- 
nal precision components, that allows 
a reference voltage of the same po- 
larity as the input voltage to be em- 
ployed. Operating from a_ single 


isolated 5-V supply, the microproces- 
sor oriented devices are designed to 
convert input voltages from —2.00 
to 2.00 V. The sign of the input volt- 
age is automatically determined and 
indicated on the sign output pin. Uni- 
polar input voltages do not require 
the use of isolated supplies. 
Conversion rates are set by an in- 
ternal oscillator whose frequency 
may be determined by an external 
RC network, or can be driven from 
an external frequency source. Tim- 
ing of conversions may be controlled 
and monitored via the start conver- 
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The one word for 
microcomputer systems: 


Micromodules. 


M68MM01A M68MM01A2 


bassemblies 


M68MM01 


Modular Microcomputer Su 


RS-232 to TTY 
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16/32 Isolated Relay 16 Solid State Relay 
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MEX6850-2 Output Channels Digital Input Input/Output and M68MM01A/02A 
M68MM13A/13B M68MM13C/13D M68MM23 Coming 4th Qtr M68MM08/08A 
— a 
Modules Ue) sia 


8K/16K Static RAM 16K/64K Hidden Refresh RAM 


8K/16K EROM/ROM 2K Static RAM 16K/64K Dynamic RAM 
M68MM04 M68MM06 MEX6808/6816-22S MEX6816/6864 MEX6816/6864-1HR 
ct Modular microcomputer subassemblies include 
| 1EEE 488-1975 Functions | the CPU and a selection of I/O, Isolated |/O, A/D 
M68MM12/12A 
| Hardware Arithmetic Processing | and D/A, Memory, and Debug modules. These are 
l <1 inensianier | supplemented by additional capability in the form 
M68MM19 = of fully-compatible EXORciser* memory and |/O 


Micromodules in 1.5 & 2.0 MHz Versions of | 


boards. Family compatibility also permits the 


Selected Mi: odul . fb : ‘ 
development now «_ Sesciee licromou* sa simple expansion of any Micromodule microcomputer 
— es el 


system, whether it be monoboard or modular. 
Contact your Motorola sales office or your 
authorized Motorola distributor for additional 
information on Micromodules, the one word for 
microcomputer systems. We will respond promptly 


The broad range of microcomputer system design 
options open with Motorola’s Micromodules has 
been enlarged to an even greater capability by a 
host of recent additions to the line. 


You get this wide variety of system configurations 
whether you select the Monoboard Microcomputer 
approach or choose to mix-and-match with the 
subassembly modules. Micromodules are fully 
supported with software, disk operating system, 
and an accessory line of power supplies, card 
cages, and chassis. 

The five standard Micromodule 1 series 
Monoboard Microcomputers all are based on either 
the MC6800 or MC6802 microprocessor. They 
vary primarily in |/O and memory. 


to itemized letterhead requests for data sheets 
addressed to Motorola Microsystems, 
P.O. Box 20912, Phoenix, AZ 85036. 


*Trademark of Motorola Inc 
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sion input and conversion complete 
output included on both devices. 

Additional features of both -con- 
verters include a medium conversion 
speed of 200 ms, TTL compatibility, 
and indication of overflow by means 
of hexadecimal EEEE output reading 
as well as an overflow output pin. 
The apc3511 converts 0 to +1999 
counts and the apc3711, 0 to +3999 
counts. 

These chips can be utilized as low 
cost ADCs or as remote aDcs in the 
elimination of analog multiplexing. 
They can also be used to convert 
analog transducers (temperature, 
pressure, displacement, etc) to digital 
transducers. 


Schottky Logic Family 
Is Fast At Low Power 


A digital logic family developed by 
Fairchild Camera and_ Instrument 
Corp, Integrated Circuits Group, 464 
Ellis St, Mountain View, ca 94042 
utilizes isoplanar Schottky logic to 
achieve 3-ns typical gate delays and 
4-mW/gate typical power consump- 
tion. The manufacturer has named 
the product line “rast” (Fairchild 
Advanced Schottky Tri), and states 
that power consumption for a device 
of this family is approximately 25% 
that of conventional Schottky devices. 
These devices are functionally 
equivalent to current 5400/7400 de- 
vice types and are designated as 
54Fxxx or 74Fxxx parts. 1/0 charac- 
teristics are compatible with current 
5400/7400 Schottky devices. Pricing 
will be competitive with standard 
Schottky circuits. 
Circle 352 on Inquiry Card 


LSI System Offers 
Memory Control 
In Compact Design 


A 2-chip system, including a dy- 
namic memory controller (mc3480) 
and an address multiplexer/refresh 
counter (Mc3242A), provides com- 
plete control for up to 64k bytes of 
memory, including row address, 
column address, read/write  selec- 
tion, and refresh. The Schottky Tru 
device is designed to simplify inter- 
face logic between a microprocessor 
and 16-pin 4k or 16k dynamic NMos 
RAMs and, on command from the 
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MC3480 memory controller chip simplifies interface logic controlling 
16-pin 4k or 16k dynamic NMOS RAM in microprocessor system such as 
M6800. Required time delay may be generated by one shots, high 
frequency counters, high frequency shift registers, delay lines, or signals 


from MPU clock 


processor, will generate the timing 
signals required for data transfer in 
and out of memory. In conjunction 
with an oscillator, it will also gen- 
erate signals to insure that the dy- 
namic memories are refreshed for the 
retention of data. 

Features of the 3480 memory con- 
troller include high input impedance 
for minimum loading of the micro- 
processor bus and the use of a chip 
enable for expansion to larger word 
capacities. It provides a reduction of 
30% in package count and system 
access/cycle times. 

The 3242A multiplexes 14 system 
address bits to the seven address pins 


Precision 12-Bit Binary 
Current D-A Converter 
Operates At High Speed 


A digital-to-analog converter has a 
settling time that is typically 60 ns, 
guaranteed to a maximum of 100 ns, 
with +0.01% precision. The device 
features TIL/DTL compatible inputs, 


of the memory device. Its 7-bit re- 
fresh counter is clocked externally 
to generate the 128 sequential ad- 
dresses required for refresh. It is a 
second source to the Intel 3242, but 
the detect zero function at pin 15 
is replaced by an additional chip 
enable feature. 

A significant reduction occurs in 
the component count required for the 
control of random-access memory in 
MpPuU/MCU systems, through use of 
this 2-chip system. The manufacturer 
is Motorola Semiconductor Products, 
Inc, Po Box 20912, Phoenix, az 
85036. 
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externally trimmable gain and off- 
set, and pin programmable current 
output ranges of 4 and +2 mA. In- 
ternal thin film resistors are provided 
for maximum accuracy and stability 
in utilization of external op amps. 
Performance is guaranteed over 
the full military temperature range 
from —55 to 125 °C, with monoton- 
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ode 820, 150 cps, 
5000 umn, dot matrix 
Impact print n mechanism... 


wae 
Here’s the low cost bi-directional 150 cps low cost 


print mechanism you've been waiting for. It’s an t / 
80-column dot-matrix impact print mechanism OO! 
with a 7-wire heavy-duty, jeweled head that permits a life of 
100-million characters! The mechanism utilizes an extremely 
simple design to achieve its cost performance and high reliabil- 
ity. It’s the perfect OEM unit for computer output, communica- 
tion terminals, data loggers, and general business applications. 
A sprocket paper-feed mechanism accepts standard 9.5” wide 
multi-ply pin-feed paper. Print line position is adjustable verti- 
cally, and paper can be loaded from the bottom or from the rear. 
Price, in quantities of 500, is $230.00* each. For detailed specifica- 
tions, write or call today. ‘Domaitic U5, price only 


= C. Itoh Electronics, Inc. 


5301 Beethoven Street, Los Angeles, CA 90066 
Call: 213 390-7778 © Telex: WU 65-2451 

East Coast 

280 Park Avenue, New York, NY 10017 

Call: 212 682-0420 « Telex: WU 12-5059 


C. Itoh means excellence in printers 


C. Itoh Electronics is part of the 118-year-old C. Itoh & Co. Ltd. world-wide trading organization. 
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Features of 12-bit binary current DAC include TTL/DTL compatible 
inputs and externally programmable current output ranges of 4 and 
=2 mA. Internal thin film resistors are used with external op amps. 
Internal reference is capable of supplying 2 mA maximum in addition 
to current requirements of bipolar offset 


icity (differential nonlinearity <+1 
LsB) guaranteed from —36 to 125 °C, 
Stability over the entire operating 
temperature range is +20 ppm/°C 
max, full scale, and +1 ppm/°C 
max, zero offset. 

The 12-bit pac, produced by Tele- 
dyne Philbrick, Allied Dr at Route 
128, Dedham, Ma 02026, comes in 
two models, the 4065 and the 4065- 
83. Both are screened in a method 
similar to M1L-stp-883, Method 5008, 
including internal visual, stabiliza- 
tion bake, acceleration, and fine 
gross leak. The 4065-83 model dif- 
fers from the 4065 only in being 
burned-in and temperature cycled. 


2-Channel Codec Uses 
Pulse Code Modulation 


A pair of Lst circuits, the smM61A 
(mos) and $291 (bipolar), are com- 
bined in a 2-channel codec using 
pulse code modulation. The coding/ 
decoding can be performed at any 
point in a telephone connection— 
along the transmission path, at the 
switching center, or in the telephone 
terminal. 

With the 8-kHz sampling rate rec- 
ommended by ccrtt, a maximum of 
two 4-kHz voice channels can be 
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Only +15-V power supplies are 
required for the hermetically sealed, 
metal cased 24-pin dual-inline de- 
vices. Power supply rejection ratio is 
+0.0024% per percentage change in 
supply voltage, with or without ex- 
ternal gain and zero offset circuits. 

These devices are considered to be 
particularly appropriate for uses re- 
quiring ultra fast voltage pacs, pre- 
cision displays, portable instrumenta- 
tion, and fast A-D conversion. Appli- 
cations in military environments and 
with high reliability industrial equip- 
ment are emphasized. 
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assigned to the codec. Alternatively, 
coding and decoding of one 8-kHz 
voice channel is possible, the sam- 
pling rate then being 16 kHz. 
The A-companding sM61A/S291, 
produced by Siemens ac, Postfach 
103, D-8000 Munich 1, Federal Re- 
public of Germany for overseas ap- 
plications but not marketed in the 
u.s., features TrL compatible digital 
interfaces, independent reading-in 
and -out of pcm words (in no fixed 
sequence), and a single-stage arrange- 
ment enabling codecs to be _ inter- 
connected directly. pcm switching is 


carried out with the aid of an ex- 
ternal channel pulse control unit. 
The codec can be used as a multi- 
plex terminal unit in a transmission 
system. Applications in switching sys- 
tems include usage as a digital sub- 
scriber circuit, a single-stage con- 
centrator (32 through-connected chan- 
nels), or as a single-stage switching 
network for private systems and 
PABxs (also with 32  through-con- 
nected channels). 
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Quad-Inline Package 
Houses 64-Lead LSI Chip 


A package that uses a leadless 64- 
position ceramic chip carrier has 
been developed by the Electronic 
Products Div of 3M Co, po Box 
33600, St Paul, MN 55133 in conjunc- 
tion with Intel Corp, to provide a reli- 
able low cost mounting system for a 
64-lead ust chip. The quad-inline 
package (QuIP) uses approximately 
40% less space on a Pc board than an 
equivalent dual-inline package. No 
insertion force is required to connect 
the chip carrier and socket, and once 
connected it is securely supported be- 
tween spring wiping contacts and a 
heat dissipating cover. 

Installation or replacement is done 
without special tools, and since the 
chip carrier package is leadless there 
is no chance of having to scrap an 


Quad-inline package (QUIP) includes 
leadless 64-position ceramic chip car- 
rier (top), socket (middle), and heat 
dissipating cover (bottom). Mechanical 
polarization provides positive protec- 
tion against improper insertion of chip 
carrier into socket or incorrect attach- 
ment of socket to circuit board. When 
assembled, chip carrier and socket are 
securely supported between = spring 
wiping contacts and heat dissipating 
cover 
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ADVANCED 
TECHNICAL EDUCATION 


Bry NTECIMTED COVPUTER SYSTE/VS INC. 
11979 WINTER SCHEDULE 


FIVE-DAY COURSE SERIES Course 350 — Four days ATLANTA 
January 23-26 


LOS ANGELES DALLAS 

January 15-19 January 30-February 2 
DENVER NEW YORK 

January 22-26 February 13-16 
DALLAS heer east D.C. 
January 29-February 2 March 


FT. LAUDERDALE =. YZ PHILADELPHIA 
February 5-9 Ss March 20-23 
WASHINGTON, D.C. LOS DNGELES 
NEW YORK BOSTON 

March 12-16 April 17-20 
PHILADELPHIA DETROIT 

April 2-6 April 24-27 


Course 365 — Four days ATLANTA Course 320 — Four days WASHINGTON, D.C. 
January 16-19 January 16-19 
NEW YORK BOSTON 
February 13-16 January 30-February 2 
LOS ANGELES NEW YORK 
February 27-March 2 February 20-23 
DALLAS DALLAS 
March 20-23 March 6-9 
WASHINGTON, D.C. LOS ANGELES 
March 27-30 March 27-30 
DETROIT 5 ATLANTA 
April 17-20 April 17-20 
BOSTON T DETROIT 
April 24-27 rate. eekas May 1-4 
SAN FRANCISCO he Ss Sa WASHINGTON, D.C. 
May 8-11 May 15- 


Course 412 — Five days FT. LAUDERDALE Course 142 — Five days LOS ANGELES 
February 12-16 March 12-16 
DALLAS WASHINGTON, D.C. 
March 12-16 March 19-23 
LOS ANGELES DALLAS 
March 19-23 March 26-30 


PHILADELPHIA BOSTON 

April 2-6 "| April 23-27 
WASHINGTON, D.C. PHILADELPHIA 
April 23-27 iim ra April 30-May 4 
BOSTON >. a dans gi NEW YORK 
April 30-May 4 a #| May 14-18 


Course 440 — Four days WASHINGTON, D.C. 
February 27-March 2 
DALLAS These courses, and other advanced technology courses, are 
March 13-16 also offered throughout the year in Paris, London, Copenhagen, 
LOS ANGELES Munich, and other European cities. For details, contact: 


rt 
Course Enrollment Secretary 
“+s ail ICSP Inc. — Belgium @ Ave. Jules César 2, Bte 2 # 1150 Brussels, Belgium 
jay 1- Telephone: (02) 762-6000 = Telex: 846 62473 


For FREE BROCHURES and detailed information, please contact: Course Manager: 


Integrated Computer Systems, Inc. Integrated Computer Systems, Inc. 
3304 Pico Bivd./P.0. Box 5339 (213) 450-2060 .. 300N. Washington St./Suite 103 (703) 548-1333 
Santa Monica, CA 90405 (LOS ANGELES) ~“"* Alexandria, VA 22314 (WASHINGTON, D.C.) 
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expensive chip because a leg is dam- 
aged. Mechanical polarization of the 
chip carrier and socket provides posi- 
tive protection against improper in- 
sertion of the carrier into the socket 
or the incorrect attachment of the 
socket to the circuit board. 

gure measures 1.1” x 1.89” (2.8 
x 4.8 cm) and has a square cavity 
measuring 0.400” (1.016 cm) on 
each side. Overall height is 0.350” 
(0.889 cm). Thermal resistivity of 
the package and socket assembly is 
35 °C/W (nominal) in still air, and 
50 °C/W (maximum). Longest lead 
resistance is 300 mQ nominal and 
500 mQ maximum. Interlead capaci- 
tance (longest lead) is 3 pF nominal 
and 5 pF maximum. The socket has 
pins spaced on a standard 0.050” 
(0.127-cm) grid and 0.100” (0.254- 
cm) centers, and it provides top ac- 
cess for probe testing. The zr burn- 
in socket is rated at 200 °C. 
Circle 356 on Inquiry Card 


Chip Set Is Used 
To Construct ADC 
Variations 


A building block approach, involv- 
ing the use of separate analog and 
digital processor chips, is used to con- 
struct dual-slope-integrating analog- 
to-digital converters. The analog de- 
vices are the TL500C/TL501C, and 
the digital devices are the TL502C/ 
TL503C—the “C” suffix indicating 
commercial temperature range. No 
military versions of the chips are be- 
ing produced by the manufacturer, 
Texas Instruments Inc, po Box 5012, 
Dallas, tx 75222. In the 2-chip apc, 
either of the two analog parts can 
be used with either of the two digital 
parts, for four possible configura- 
tions, depending on the character- 
istics required. (Additional versions 
are also being made available as 
apc building blocks, creating further 
possible 2-chip configurations. ) 

When used in complementary 
fashion, these devices form a system 
that features automatic zero-offset 
compensation, true differential in- 
puts, high input impedance, and 
capability for 4%-digit accuracy. Ap- 
plications include the conversion of 
analog data from high impedance 
sensors of pressure, temperature, 
light, moisture, and position. Analog- 
to-digital logic conversion provides 
display and control signals for weight 
scales, industrial controllers, ther- 
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mometers, light-level indicators, and 
many other applications. 

The analog processor (whether the 
500 or 501 model) contains the neces- 
sary analog switches and decoding 
circuits, reference voltage generator, 
buffer, integrator, and comparator. 
These devices may be controlled by 
the digital processor, by discrete 
logic, or by a software routine in a 
microprocessor. 

Features provided with the TL500C 
analog option include a_ linearity 
error of 0.001%, 4%-digit readout 
accuracy with an external precision 
reference, and 14-bit resolution 
(when used with the TL502C). Cor- 


responding values for the TL501C 
are a linearity error of 0.01%, a 3%- 
digit readout accuracy, and 10- to 
13-bit resolution (with TL502). 

The digital processor includes os- 
cillator, counter, control logic, and 
digit enable circuits. Seven-segment 
display drivers with decimal point 
are provided by the TL502C. 

The -503C logic controller has an 
internal oscillator that can be slaved 
directly from any TTL source or con- 
nected to a 470-pF capacitor to de- 
velop an internal clock frequency. 
Multiplexed 5-digit outputs and four 
BCD outputs are provided. 
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Monolithic 12-Bit 
D-A Converter Offers 
Temperature Stability 


Utilizing a precision, laser-trimmed 
thin film R-2R ladder network driven 
by equal-value switched current 
sources, a monolithic digital-to-ana- 
log converter provides a 200-ns 
settling time, %-LsB typical linearity 
(% LsB max), with output monoton- 
icity guaranteed over the operating 
temperature range, and +5-ppm/°C 
max gain tempco. Produced by Datel 
Systems Inc, 1020 Turnpike St, Can- 
ton, MA 02021, the bipolar 12-bit 
DAC operates from TTL or CMOs input 
logic and provides a 0- to 5-mA uni- 
polar or +2.5-mA bipolar output 
current, 


The converter contains tracking 


feedback and bipolar offsetting re- 
sistors to provide five output voltage 
ranges when used with an external 
operational amplifier; 0 to 5, 0 to 
10, +2.5, +5, and +10 V. These 
resistors closely track the R-2R ladder 
with temperature to achieve gain 
stability. 

An external 10-V reference is 
required, and the device is capable 
of multiplication over a 2- to 10-V 
reference range. Pin compatibility 
with 562-type pacs is featured, and 
the manufacturer states that the new 
pacs offer better performance than 
those earlier devices. 

The package is a 24-pin hermetical- 
ly sealed ceramic prep. Power require- 
ment is 5 to 15 V and —15 Vdc. 
Two basic models are the pac-681C 
operating over 0 to 70 °C, and pac- 
681M operating over —55 to 125 °C. 


5 voc -15 VDOC 
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DAC-681 operates in unipolar mode with O- to 5-mA output current or 
in bipolar mode with +2.5-mA output current. Dashed lines in diagram 
relate to bipolar operation only. Output voltage ranges are O to 5 or 
10 V unipolar and =2.5, +5, and +10 V bipolar 
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When it comes to computers, 
SAMS PUBLISHES THE BOOKS 


Introducing...— 


Howard W. Sams & Co., Inc. 


4300 West 62nd Street 
Indianapolis, Indiana 46206 


Quantity 
Ordered 


HLT LETT LT 


9 


P.O. Box 558 


ORDER FORM 


DBUG: An 8080 Interpretive Debugger No. 21536 $4.95 
Design of Active Filters, with Experiments No. 21539 $7.95 
Design of Op-Amp Circuits, with Experiments No. 21537 $7.95 
Design of Phase-Locked Loop Circuits, with Experiments 

No. 21545 $8.95 
Interfacing and Scientific Data Communications Experiments 
No. 21546 (December 1978 Publication Date) $5.95 (Tentative) 


Introductory Experiments in Digital Electronics and 8080A 
Microcomputer Programming and Interfacing 
Book 1 No. 21550 $12.95 


Book 2 No. 21551 (December 1978 Publication Date) ; 
$12.95 (Tentative) 


Two Volumes No. 21552 $23.95 (Tentative) 


Logic and Memory Experiments Using TTL Integrated Circuits 
Book 1 No. 21542 $10.50 


Book 2 No. 21543 (December 1978 Publication Date) : 
$ 9.95 (Tentative) 


Two Volumes No. 21544 $18.95 (Tentative) 


Microcomputer—Analog Converter Software and Hardware 
Interfacing No. 21540 50 


8080/8085 Software Design No. 21541 $9.50 


NCR Basic Electronics Course, with Experiments 
No. 21549 $9.50 


NCR Data Communications Concepts No. 21548 $6.95 
NCR Data Processing Concepts Course No. 21547 $7.95 
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: THE BL4CKASRURG CONTINUING EDUCATION SERIES™ 


NCR Data Communication Concepts 

An excellent introduction to the principles of data 
communications over transmission lines. While writ- 
ten mainly for telephone-based communication sys- 
tems, the principles explored are applicable to 
most other forms of communications. Topics dis- 
cussed include: basic carrier systems, transmission 
lines, telephone systems, modulation, modems and 
more. Reference tables, an extensive glossary and 
test questions are provided so that the book is 
easily used for classroom use or for self-study. 


No. 21548 $6.95 


NCR Data Processing Concepts Course 

A general introduction to computers and data 
processing for people who do not have a great deal 
of experience in programming or electronics. Sec- 
tions include explanations of digital logic, computer 
operations, input/output devices, memories and 
programming in an easy to read format. A perfect 
starting place for both technical and non-technical 
people who are interested in learning more about 
computer operations. An excellent book for self- 
study, since review questions and a final exam are 
provided, with answers. 

No. 21547 $7.95 


NCR Basic Electronics Course, with Experiments 


A basic self-teaching course that covers basic elec- 
tricity through transistors. Experiments are provided 
to reinforce the concepts presented in the text. The 
circuit elements discussed are shown in various 
applications that clearly illustrate their use. This 
book will provide an excellent foundation in basic 
electronics for someone who is just getting started 
or who just wants to know more about electronic 
devices and circuits. Review questions and a final 
test are provided so that your progress can be 
checked. 


No, 21549 $9.50 


PLUS... there’s 13 more timely com- 
puter titles. Order Today! See the com- 
plete selection on the order form below. 


Quantity 


Ordered 


Name 


555 Timer Applications Sourcebook, with Experiments 
No. 21538 $5.95 


The 8080A Bugbook® Microcomputer Interfacing and 
Programming . Bugbook® is a registered trademark of E & L 
Instruments, Inc., Derby, Connecticut 06418. 

No. 21447 $10.50 


Sub Total 
Add local sales tax where applicable. 
Total Amount 


OO 


Cit 


a 
(please print) 


State —___.___7ip 


Save handling charges by enclosing payment with order. 
1 Payment Enclosed (No Shipping and Handling Charge) 
0 Bill Me (Shipping and Handling Charge will be added) 
[ Send me Free Sams Book Catalog 


Prices subject to change without notice. 
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Return To: 

Attention: Sales Department 

Howard W. Sams & Co., Inc. 

4300 West 62nd Street * P.O. Box 558 * Indianapolis, IN 46206 
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FET Op Amps Provide 
Ultra-Low Levels For 
Input Bias Current 


Input offset voltage, offset voltage 
drift, input bias current, and supply 
current are extremely low for two 
famisies of operational amplifiers 
produced by Analog Devices (Route 
1 Industrial Park, po Box 280, Nor- 
wood, MA 02062). The devices are 
the ap542 Birer op amps and the 
Ap545 FET-input op amps. 

In the case of the ap542, guaran- 
teed maximum values are input bias 
current (warmed up) as low as 25 
pA, and input offset voltage as low 
as 0.5 mV. Also, only 1.5 mA are 
drawn from supplies. The manufac- 
turer claims that these three values 
fall below those of any other BireT 
amplifier. 

Another key specification is the 
very low 1/F noise of 2 pV peak- 
to-peak, from 0.1 to 10 Hz, which 
permits use with low level signals 
from high source impedances. An 
80-dB minimum common mode rejec- 
tion ratio assures better than 13-bit 
linearity. Open loop gain is guaranteed 
at 110 dB, min. Slew rate is 3 V/ys, 
and bandwidth is 1 MHz. 


LSI Multipliers 
Process Large Numbers 
At High Rates 


Monolithic multipliers provide high- 
speed n by n bit multiplication of 
24-, 16-, 12-, and 8-bit numbers. Op- 
eration is facilitated by input regis- 
ters featuring zero data-hold time 
(clock overlap). All of the multipliers, 
except the 8-bit device, employ out- 
put registers that can be made trans- 
parent for asynchronous output. They 
also provide a programmable selec- 
tion of output-product formats and 
can intermix 2’s complement numbers 
with numbers in absolute magnitude 
in the same operation. 

The devices are the Mpy/Hy 
series, produced by TRw Lst Products 
Div, Po Box 1125, Redondo Beach, 
ca 90278. They are n-by-n parallel 
array multipliers with double preci- 
sion outputs. All the new chips are 
plug compatible with their first gen- 
eration counterparts. Inserting one 
into a socket wired for an “/ay” 
device atitomatically masks out the 


162 


Four versions are available. The 
ap542J, K, and L are specified over 
the 0 to 70 °C temperature range 
and the ap542S over the —55 to 125 
°C range. All versions are available 
from stock. 

For the ap545, guaranteed maxima 
after 5 min of operation at an am- 
bient temperature of 25 °C are as 
follows: offset voltage as low as 0.25 
mV; offset voltage drift as low as 
3 pV/°C; input bias current as low 
as 1 pA. The low cost electrometer 
device also features low power, at 
1.5 mA, max, and low noise, at 3 
pV peak-to-peak, 0.1 to 10 Hz. 

Here, too, four grades are avail- 
able, ap545J, K, L, and M, all of 
which are specified over the 0 to 
70 °C temperature range. Pricing 
starts at $5.95 in 100-piece quantities 
for the J version, and all grades 
are available from stock. 

Input circuitry is shielded from ex- 
ternal noise and supply transients by 
the guarded case, which also reduces 
common mode input capacitance. All 
devices are temperature cycled and 
subjected to a high G_ shock test 
prior to final test to assure reliabil- 
ity and longterm stability. 
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new “/Hy” features while still pro- 
viding up to twice the speed and one- 
third less power consumption. 

The largest in the series is the 
Mpy-24ny (24-bit multiplier), which 
has an onchip shift/normalize fea- 
ture. It yields a 48-bit product in 
200 ns. Its internal silicon chip mea- 
sures 324 x 348 mils and attains vist 
density with over 30,000 components 
onchip. This multiplier is supplied 
in a standard 64-pin prp. 

Next in capability is the mpy-16HyJ, 
which produces a 32-bit product in 
100 ns. It consumes only 3 W, is pin 
compatible with the older 16-bit 
multipliers, and like the mpy-24ny, 
can be expanded to operate on 32-, 
48-, and 64-bit numbers and larger. 

The mpy-12uHy multiplies a pair 
of 12-bit numbers and yields their 
product in just 80 ns, It consumes 
2 W, and like the others, is ideal 
for digital signal processing appli- 
cations such as fast Fourier trans- 
forms and digital filters. 

Mpy-8HJ produces a 16-bit product 
in 65 ns requiring only 1 W. A super- 
fast version of the 8-bit multipliers, 


called the mpy-8Hyj-l, produces a 
16-bit product in 45 ns and is in- 
tended for use in digital television 
systems, 
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1024-Bit RAM/EAROM 
Chip Saves Changing Data 


In normal operation, the ERI711 
operates as a fully decoded 256 x 
4-bit raM with a 1.5-ys cycle time 
and a 900-ns access time; however, 
during powering down, a single nega- 
tive pulse on the erase/write con- 
trol line (E/w) saves the entire 
1024-bit memory contents in associ- 
ated onchip EAROM cells, This RAM/ 
EAROM is intended for applications 
where data are constantly changing 
and must be saved in case of a power 
failure. 

Produced by General Instrument 
Corp Microelectronics (600 W John 
St, Hicksville, ny 11802), the device 
provides storage of data for 72 h 
minimum after a l-ms write pulse or 
for 30 days min after a 10-ms write 
pulse. Data can be recalled follow- 
ing power-up by application of a 
positive pulse to the  erase/write 
control line, which results in data 
being written into RAM cells and 
bulk erase of the EAROM cells. 

TTL compatible pins and the 4-bit 
wide word make this nonvolatile 
RAM directly compatible with 4-bit 
microprocessors. Typical micropro- 
cessor usages include process control 
applications to save state variables 
during power interruptions; machine 
or motor control to hold set points 
and feedback data; navigation equip- 
ment to hold varying time and posi- 
tion data; and cash registers for 
holding changing cash totals. 

Additional features include 8-bit 
binary addressing, onchip address 
latching, and 3-state outputs. Power 
supply requirements are 5 and —12 
V, and power dissipation is 540 mW. 
Maximum ratings for the p-channel, 
ion implanted MNnos device specify 
voltages relative to Vgg to lie be- 
tween —26 and 28 V on the £/w 
pin, and between —30 and 0.3 V for 
all other inputs and outputs. Tem- 
perature range is from 0 to 70 °C 
for operation and —65 to 150 °C for 
storage. O 
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Your Computer Design Bookstore 


(An easy way to order your professional books by mail.) 


MICROPROCESSORS AND 
MICROCOMPUTER SYSTEMS 


By G.V. Rao. A completely up-to-date report on 
the state of the art of microprocessors and mi- 
crocomputers, written by one of the nation’s 
leading experts. It thoroughly analyzes currently 
available equipment, including associated Large 
Scale Integration hardware and firmware. Topics 
in the book facilitate communication between 
hardware and software specialists, as well as 
between marketing and training personnel. An 
essential reference for engineers, designers and 
computer specialists. 260 pp., 82 x 11, $24.50. 
Circle #142 on Reader Inquiry Card. 


A PROGRAMMED REVIEW FOR 
ELECTRICAL ENGINEERING 


By James H. Bentley and Karen M. Hess. For 
candidates preparing for the Professional En- 
gineering Examination in Electrical Engineering. 
A step-by-step review of electrical engineering 
fundamentals that presents the kind of ques- 
tions you'll be asked. Each problem illustrates a 
specific concept, and its solution is clearly ex- 
plained. Included is a wide variety of tables, 
formulas, charts, graphs, and schematic dia- 
grams. 240 pp., illus., 82 x 11, $15.95. Circle 
#143 on Reader Inquiry Card. 


SYSTEMS DESIGN AND 
DOCUMENTATION: 
An Introduction to the HIPO Method 


By Harry Katzan. |Introduces HIPO (Hierarchy, 
plus Input, Process and Output) as a highly ef- 
fective method for designing and documenting 
computers and information systems. HIPO de- 
scribes systems in terms of their inputs, outputs 
and constituent processes, and places these 
functions in a meaningful hierarchy. Emphasiz- 
ing a system's function rather than its structure, 
HIPO is one of the most effective aids to plan- 
ning, analysis and decision making available. 
157 pp., illus., 6 x 9,$13.95. Circle #144 on the 
Reader Inquiry Card. 


COMPOSITE/STRUCTURED 
DESIGN 


By Glenford J. Myers. Provides a methodology 
for producing less expensive programs that are 
also more reliable, extensive and maintainable. 
By discussing underlying theory and then using 
procedural examples, case studies and exer- 
cises, the book tells how to design the structure 
of medium- or large-sized programs. The author 
covers the relationships of design to program- 
ming languages, the “Jackson design method”, 
and other programming methodologies. 174 pp., 
illus., 6 x 9, $15.95. Circle #145 on Reader 
Inquiry Card. 


Just published! 


MICRO-ANALYSIS 
OF COMPUTER 


SYSTEM 
PERFORMANCE 


By Boris Beizer 


Here are proven techniques for analyz- 
ing system performance. Analytica! 
methods—as contrasted with simula- 
tion—are featured, providing you with 
an easy-to-follow approach to the con- 
struction, validation and use of analyti- 
cal models. Only expressions that can 
be programmed with relative ease are 
included. Mathematical prerequisites 
are minimal and formal derivations are 
used only when they serve to explain, 
illustrate or build intuition. This book will 
save you countless hours of experi- 
mentation and reinvention of analytical 
methods. 


Gives you thoroughly tested 
procedures. 


All the techniques have been proven in 
practice and can be directly used in the 
performance analysis of systerns based 
in mini- cr microcomputers, analysis of 
component elements of a large system, 
and the kinds of analyses done with lim- 
ited resources such as a calculator or a 
pocket computer. The assembly lan- 
guage and system programmer will find 
tools for optimizing the design of indi- 
vidual routines or program modules; the 
system user and designer will find most 
of the analytical techniques likely to be 
required; and the system modeler will 
find practical methods that quickly get to 
the heart of a problem. The book in- 
cludes numerous illustrations and 
examples that help answer the ques- 
tions you face daily. 402 pp., illus., 6 x 9, 
$22.50. Circle #141 on Reader Inquiry 
Card. 


ENCYCLOPEDIA OF 
COMPUTER SCIENCE 


Edited by Anthony Ralston and C.L. Meek. A 
comprehensive reference containing over 480 
articles and 1,000 illustrations, tables and charts. 
Featuring contributions from over 200 computer 
science authorities, the volume covers data pro- 
cessing, computer science, information process- 
ing, and symbol manipulation. All areas of 
software, hardware, languages, programs, sys- 
tems, mathematics, networks, applications, 
theory, history, and terminology are investigated. 
1,523 pp., illus., 7 x 10, $60.00. Circle #146 on 
Reader Inquiry Card. 


fuse] VAN NOSTRAND REINHOLD 


DATA COMMUNICATIONS 
DICTIONARY 


By Charles J. Sippl. An indispensable reference 
for keeping pace with the rapidly expanding field 
of data communications. It defines 14,500 terms, 
concepts, acronyms and abbreviations used in 
data processing and communications, and is the 
first dictionary to cover these interrelated areas 
in one convenient volume. The dictionary 
clarifies terminology relating to the most impor- 
tant procedures, processes, equipment, 
capabilities and software. It provides current, 
concise definitions in new areas such as micro- 
computers, multi-mini computer systems, and 
developments in satellite, “packet” and laser 
communications. 545 pp., 6 x 9, $19.95. Circle 
#147 on Reader Inquiry Card. 


RISS: A Relational Data Base 
Management System for 
Minicomputers 


By Monte Jay Meldman, Dennis J. McLeod, 
Robert J. Pellicore, and Morris Squire. De- 
scribes a complete minicomputer relational data 
base management system and its implementa- 
tion. Reveals how novice users can interact with 
a computerized data base without needing a 
programmer—an important cost-saving feature. 
Also covered are the design approach and struc- 
ture, user interfaces, and examples of how RISS 
can be put into practice. 128 pp., illus., 6 x 9, 
$14.95. Circle #148 on Reader Inquiry Card. 


TOP-DOWN STRUCTURED 
PROGRAMMING TECHNIQUES 


By Clement L. McGowan and John R. Kelley. 
Defines structured programming and sets forth 
how it is applied. Computer scientists in private 
industry, the federal government, major univer- 
sities, and in a growing number of commercial 
software companies are advocates of the tech- 
niques in this handbook. It covers software, the 
use of the DOWHILE, loop invariants, program 
correctness and structured programs, structured 
flow-of-control in FORTRAN, structured flow- 
of-contro! in COBOL, and how to structure un- 
structured codes. 288 pp., illus., 6 x 9,$16.95. 
Circle #149 on Reader Inquiry Card. 


15-DAY FREE EXAMINATION 


To order free-trial copies of any of these 
books, simply circle the appropriate num- 
ber(s) on the Reader Inquiry Card at the 
back of this magazine. At the end of 15 days 
if satisfied, send remittance plus postage, 
handling, and your local sales tax. Other- 
wise, return the books and owe nothing. 


SAVE: If you prefer to enclose payment 
now, we will pay postage and handling 
charges. Same return privilege, full mon- 
ey-back guarantee. Your local sales tax 
must be included with payment. 


Offer good in U.S.A. only. Payment must accom- 
pany order with P.O. box addresses. Prices subject 
to change 


PRODUCT 


FEATURE 


Standalone Control System in a Box 


MACSYM II, a low cost realtime mea- 
surement and control sytem intro- 
duced by Analog Devices, Inc’s In- 
struments and Systems Group, is said 
to provide a level of signal processing 
and control that is not available from 
data loggers and programmable cal- 
culators but is too costly to obtain 
from minicomputer alternatives. Typ- 
ical applications are those requiring 
acquisition, storage, computation, re- 
duction, and output of high and low 
level analog signals from thermo- 
couples, strain gauges, or other uni- 
versally used sensors. For example, 
the system could be used in labora- 
tories, research and development fa- 
cilities, and pilot plants for process 
control. 


Operating and Design Features 


Specific measurement and control re- 
quirements are met by choice of 1/o 
cards containing signal conditioning 
that directly interfaces to sensors. For 
example, the 1/o card for a thermo- 
couple contains isolation, lineariza- 
tion, and cold junction compensation. 

1/0 cards are available for low and 
high level analog signals, analog out- 
put in voltage or current configura- 
tions, direct sensor interfaces, digital 
1/0, isolation, and other special func- 
tions. All cards fit in all slots. Up to 
16 dedicated cards can be mixed in 
a single chassis to provide as many 
as 256 channels of analog input in 
each backplane bay; additional chas- 
sis can be attached to provide even 
more channels. 

The 1/o cards interface to an ana- 
log-digital input/output (ADIO) con- 
troller on the analog bus that con- 
tains all components necessary for 
data acquisition as well as all logic 
necessary to interface with the com- 
puter bus. This controller isolates the 
microvolt signals common to the ana- 
log bus from the noisy, high level 
digital signals on the computer bus. 


164 


Interfaces Directly 
to Sensors 


Because all needed data acquisition 
components and logic are on the ADIO 
there is no need to repeat them on 
the 1/o cards. This enables both fast 
turnaround time and lower cost in 
designing control systems. 

Some examples of available cards 
and specifications are 
Thermocouple—nonisolated: 4 chan- 
nels; gains of 256, 512, or 1024; 120- 
dB cmrr at +10 V; 0.01%, 12-bit 
linearity; +90-Vdc protection. 
Thermocouple—isolated: 4 channels; 
120-dB cmrr at +600 V; gains of 
256, 512, or 1024; 0.05%, 10-bit 
linearity. 

Analog out: 4 channels; +10-mA 
output at +10 V; 0.05%, 10-bit lin- 
earity; 40-Vdc protection. 


CMOS MUX: 32 single-ended or 16 
differential inputs; gains of 1, 16, or 
256; +0.001%, 16-bit linearity; 
+0.025%, 11-bit accuracy. 

Pacer clock: 10-MHz crystal time 
base; 20-us to 12-h interval; external 
trigger user input; 100-kHz clock, 
pacer signal user output. 


Strain gauge: 4 channels; 0.005%, 
14-bit linearity; 5- to 10-V or 0.1- to 
10-mA excitation; +115-Vac protec- 
tion. 
Digital output: 16 discrete, isolated 
outputs; 1.5-V at 100-mA output; 
30-V to gnd protection; 250-V com- 
mon mode protection. 

System control is provided by a 
bit-slice microprocessor designed by 
the company specifically for this ap- 
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plication. Four 4-bit chips effectively 
provide a 16-bit processor. 

Programming can be accomplished 
with an easy to use extension of high 
level BASIC as well as in assembly 
language. MACBASIC, developed as an 
extension of Dartmouth Basic, allows 
each user to write simple instructions 
for a specific application. In multi- 
task mode, MACBASIC can be used to 
provide simultaneous execution of 
multiple, independent tasks. 

MACBASIC software features include 
real-world 1/0 statements, multitask- 
ing, realtime reference, and data re- 
duction, storage, and presentation. 
Real-world signals can be treated as 
any other variable in any program. 

Because the language is interactive, 
a program can be examined and mod- 
ified while it is running. Develop- 
ment errors are immediately reported 
at the end of each line. Lines may 
be added or deleted at any time. 

Multitasking allows simultaneous 
and independent running of tasks. 
Any task can be started or stopped 
at any time without affecting others. 
The realtime reference allows easy 
recording of real-world events in real 
time. 

Standard system output is Rs-232 
compatible. Presentation of data can 
be alphanumeric via CRT, teleprinter, 
or external printer; or graphic, in- 
cluding easy generation of axis, tic 
marks, and labels. Up to four re- 
corders can be operated simultane- 
ously and independently; field size 
can be changed readily. 


Price and Delivery 


Basic MACSYM II machines—including 
16-bit processor, analog-digital 1/0 
subsystem, realtime MACBASIC, and 
64k bytes of memory in standard 
chassis, plus full documentation and 
system support—are priced at $5600 
each in 50-piece quantities. In these 
same quantities, complete sytems, 
ready for operation without required 
extras—including basic machine plus 
cartridge tape drive, full ascit key- 
board, and operator control panel 
and crt—cost $7200 each. Single 
unit price for a complete system is 
$8990. 1/o cards are about $500 each. 
Deliveries are scheduled to begin 
after February 1979. Analog Devices, 
Inc, Po Box 280, Norwood, MA 
02062. Tel: 617/329-4700. 


For additional information circle 
199 on inquiry card. 


GET THE 


CONNECTION? 


To.connect wires directly to 
PC boards, BUCHANAN® PCB 
connectors are by far the best way. 
No soldering —- only a screwdriver 
needed. Boards plug directly into 
connectors. Wire leads — solid 
or stranded, without terminal lugs 
— are solidly anchored in high- 
pressure tubular-clamp contacts. 

In your equipment, these 
patented” connectors eliminate 
many |/O interfaces, for up to 
5 less connections per circuit. 
You save $7 — $30 per PC board 
— hundreds of dollars per cabinet 
— in material and labor costs 
by eliminating unnecessary connec- 
tors, mounting hardware, cabling, 
installation, inspection, and 
debugging. 

in production, BUCHANAN 
1/O Connectors save even more — 
particularly if much wiring is 
done after mechanical assembly. 
Experts agree — such operations 
should be a screwdriver job — 
neat, quick, and efficient, minus 
dangling leads, twisted cables, 
and awkward soldering or wire- 
wrapping locations. 


es CONTROL PRODUCTS 
DIVISION 


In the field, BUCHANAN PCB 
Connectors provide for better 
performance and higher reliability. 
They eliminate many possible 
sources of costly electrical and 
mechanical problems, so you save 
significantly on maintenance 
and service calls. 

In your designs, BUCHANAN 
PCB Connectors satisfy virtually 
any requirement: UL Recognition, 
type of mounting, card guides 
and keys, horizontal or vertical 
positioning, and many more. 

In your Engineering Data Files, 
you need the BUCHANAN 1/0 
data file. To get it, use the reader 
service card, or call your nearest 
Regional Information Center 
(listed below). 


*U.S. Patent No. 3,930,706. 
Other patents pending. 


Amerace Corporation, Control Products Division, Union, NJ 07083 U.S.A. 


BUCHANA 


Terminal Blocks, Barrier Strips, & 1/O Connectors. 


AGASTAT® Time-Delay Relays, Control Relays, & Programmable Switches. 
Regional Information Centers: Santa Fe Springs, CA, (213) 863-5753; 
Elk Grove Village, iL, (312) 437-8354; Manhasset, NY, (516) 627-8809; 


Atlanta, GA, (404) 261-1224. 
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¥, 


interface, printer port, and choice of foreign language char- 
PRODUCTS % acter sets. An LSI CRT controller chip contains both char- 
acter decoding logic and CRT control logic. The desktop 
terminal weighs only 28 Ib (13 kg) and measures.15 x 19 x 


14” (38'x 48 x 36 cm). Perkin-Elmer Corp, Terminals Div, 
Rt 10 & Emery Ave, Randolph, NJ 07801. 


Human-Engineering Features of 

Full Function OEM CRT Terminal Speed Data Entry 
Standard features on the low cost Bantam CRT terminal 
such as full u/lc character set with well defined descenders, 
high density 7 x 10 matrix for highly legible characters, 
operator’s choice of white on black or black on white 24- 
line x 80-char display, full typewriter-like keyboard with 
shadow numeric pad, display set deep in hood sto reduce 
glare, and built-in self-test are said to speed data entry as 
well as reduce operator fatigue. Complete tabbing, Mill cursor 
addressing, and repeat, backspace, shiftlock, and separate 
print keys as well as ASR’ 33 compatible RS-232/CCITT- 
V.24 interfacing, key for local/online switching, and trans- 
parent mode with displayable control characters to simplify 
host program debugging are also standard. Available options 
include nonglare screen, full overstrike APL, current loop Circle 200 on Inquiry Card 


Ruggedized 4:.9M-Byte Cartridge Tape Storage Unit 

Funct 9mm in Hostile Environments 
: Developed for avionics checkout on desert airfields, the 
model 5100 ruggedized tape storage unit is built to MIL-T- 
21200 specifications and provides 2.8M- or 4.3M-byte storage 
capacity for severe environment applications such as ex- 
posure to extremes of temperature, salt spray, humidity, and 
vibration. Interfaces are available for Digital Equipment, 
Nova, and ROLM computers as well as all RS-232 devices. 
Units will operate over a range of —10 to 50 °C (to 71 °C 
intermittently), are drip proof, and have RFI gaskets. They 
contain all necessary formatting and interfacing electronics 
as well as R/W and tape control circuits. Data are recorded 
on either 3M DC-300A tape cartridges or 450-ft (137-m) 
“supercartridges.” 30-in (76-cm)/s record/read operating 
speed yields a 48k-bit/s data transfer rate at the normal 
1600-bit/in (630/cm) recording density. Fast search at 90 in 
(229 cm)/s accesses any stored data in approx 20 s. Weight 
is about 14 lb (6.4 kg); overall dimensions are 11 x 8.25 x 
5.75” (28 x 21 x 14.6 cm). North Atlantic Industries, Inc, 
Qantex Div, 60 Plant Ave, Hauppauge, NY 11787. 
Circle 201 on Inquiry Card 


¥ 
Bar Code Reader Handheld Data Entry Microcomputer control of the Scorepak portable data entry 
Terminal Contains 16k-Character Memory terminal allows a choice of 28k useful operating configura- 


tions through entering appropriate option codes. Units are 
available to read all common bar codes including Codabar, 
UPC (A, Eo, and E,), and Plessey, with optional capabilities 
to read more than one bar code or automatically distinguish 
and read Plessey and UPC labels. Keyboard entries and 
wand bar code readings can be mixed in any combination 
as input to the 16k NMOS memory. Length of product code 
and option code; choice of MOD-10, -11, or no check 
digitizing; and choice of parity, transmission speed, and 
transmission code are user selectable. The units transmit 
in std 8-bit ASCII and either MSI bit synchronous, MSI 
character synchronous, or Telxon compatible codes. Oper- 
ators can conduct line-by-lfne or rapid scans through memory 
or locate a specific entry or group of entries by searching 
for a full or partial product code or a complete line of 
data. Human engineering concepts in package design en- 
able long periods of use without fatigue and operator-related 
errors. Azurdata, Inc, PO Box 926, Richland, WA 99352. 


Circle 202 on Inquiry Card 
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PICK A 
PITTMAN" 
D-C MOTOR At 
FOR YOUR 
PRODUCT 


PITMO® Gearmotors 
2 series: 1.38 and 
2.00” OD gearboxes 
Torque limits with 
standard gearing: 
100 & 175 oz.-in. 


LO-COG® Servo Motors 
3 series: 1.2, 1.6 and 2.0” OD 


Stall torques: about 1 to 128 oz.-in. NEW Rare Earth Field 


D-C Motors 
1x 1%” cross-section 
Stall torques: 12 to 24 oz.-in. 


PITMO® Motor-Tachs 


2 series: 1.2 and 1.6” 0.D. 
Standard tachometer gradient: 
2 volts/1,000 rpm 


THE PITTMAN CORPORATION 


A Subsidiary of Penn Engineering & Manufacturing Corp. 
Harleysville, PA 19438 - 215:256-6601 
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PRODUCTS 


INTELLIGENT TERMINAL 


CT-82 works with most modems or com- 
puter systems that have RS-232-C serial 


interfaces operating at 50 through 
38,400 baud. It features 128 control 
functions operable from either terminal 
keyboard or computer program. Design 
incorporates Motorola 6802 micropro- 
cessor and 6845 CRT controller inte- 
grated into modular system. Internal 
editing functions allow inserting and 
deleting lines and char; erasing quad- 
rants or lines; and doing rolls, scrolls, 
slides. Completed material can be block 
transmitted to computer or output to re- 
mote printer through built-in parallel 
printer 1/O port. Southwest Technical 
Products Corp, 219 W Rhapsody, San 
Antonio, TX 78216. 
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INTERACTIVE GRAPHICS 
OPERATING SYSTEM 


CGOS, a multiuser operating system, is 
designed specifically for interactive 
graphics CAD/CAM applications. It 
supports the Designer™ IV series turn- 
key systems, which incorporate the 
CGP-100™ minicomputer. Features in- 
clude support for up to 10 simultaneous 
tasks; file management system with 
multivolume disc capacity up to 600M 
words; dynamic allocation of task pri- 
orities; file protection and user ac- 
counting; and CPU to CPU communica- 
tions and network support. Computer- 
vision Corp, 201 Burlington Rd, Bed- 
ford, MA 01730. 

Circle 204 on Inquiry Card 


SEALED DIP SWITCHES 


Wave solder and flux cleaning can be 
performed on PC boards using DIP 
switches which have bottoms and termi- 
nals sealed with a thermoplastic resin. 
Immersion cleaning is possible when 
a top tape seal is added to the switch. 
Sealed feature is available on the full 
line of spst DIP switches in 2- through 
10-stations with raised or recessed 
rockers. Thermoplastic potting oper- 
ation is a part of the assembly process, 
not an added operation. Grayhill, Inc, 
561 Hillgrove Ave, La Grange, IL 60525. 
Circle 205 on Inquiry Card 


ZERO INSERTION FORCE 
IC CONNECTOR 


Allowing installation and removal of 
card file ICs without placing stress on 
lead pins or substrates, actuating bars 
on each side of connector open and 
close contacts to hold IC firmly in 
position. Edge-wipe contact design 
provides high contact pressure, and 
tapered entry ramps condition and guide 
IC leads into semi-closed contact entry 
area. Normally closed contacts prevent 
accidental opening of contacts during 
IC operation. Scanbe Div, Zero Corp, 
3445 Fletcher Ave, El Monte, CA 91731. 
Circle 206 on Inquiry Card 


3840-CHARACTER 
VISUAL DISPLAY UNIT 


Intelligent CRT terminal model 4800 
has 48 x 80 format for a 3840-char dis- 
play on a 35-cm vertically mounted CRT. 
It features microprocessor based logic, 
fully regulated switching power control- 
ler, and a monitor quality orange phos- 
phor CRT with antiglare faceplate. 
Separate ASCII keyboard connects to 
unit via a 2-m cable. Selection of trans- 
mission speed, duplex or half-duplex 
mode, parity, and stop bit options are 
performed immediately when unit is 
switched on. ATL Datatronics Pty Ltd, 
Nancarro Ave, Meadowbank, New South 
Wales, Australia 2114. 

Circle 207 on Inquiry Card 
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PRODUCTS 


ONLINE LABEL 
PRINTER/APPLICATOR 


Developed for online use with computer 
based material handling systems, U- 
1239 automatically prints and applies 
variable information labels to cartons 
as they pass through on a conveyor line 
to accuracy within +0.25” (0.64 cm). 
Unit can print and apply fixed, random, 
sequential, or batch information labels, 
and be controlled by computer, scale, 
tape reader, or integral keyboard. Bar 
codes, OCR, human readable chars, or 
combinations can be printed at rates 
dependent on size and printing require- 
ments. Markem Corp, 150 Congress St, 
Keene, NH 03431. 

Circle 208 on Inquiry Card 


INTELLIGENT CARD READERS 


Punched hole or optical mark readers, 
in speeds from 150 to 600 cards/min, 
are available in rackmounted and 
table units. Occupying a single card 
slot, the controller contains a 6800 
microprocessor, 2k x 8 RAM, up to 4k x 
8 P/ROM, and interfaces to the card 
reader electronics. External interfaces 
include 20/60-mA current loop, EIA std 
RS-232-C, and IEEE-488 std instrument 
bus. Functions performed include card 
reader control, reading of data, code 
conversions, and counting. MicroPro 
Inc, Technology Ctr, Rt 309, Mont- 
gomeryville, PA 18936. 
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1000 LINES/MIN 
CHAIN PRINTER 


ChainTrain 1210 offers full-line buffer- 
ing, paper skip speed of 40 in/s (102 
cm/s), paper puller, and vacuum system. 
Unit is a microprocessor controlled, 
horizontal moving font line printer 
whose carrier uses 8-char links riding 
on a monorail track. Interchangeable 
links enable replacement of char sets. 
64-char set is standard with 48-, 96-, 
128-char sets as options. Printer ac- 
cepts forms from 3.5 to 19.5” (8.9 to 
49.5-cm) wide, and has motorized upper 
and lower tractors. Data Printer Corp, 
99 Middlesex St, Malden, MA 02148. 
Circle 210 on Inquiry Card 


Fastest EPROM Erasing! 


WITH RELIABLE _5PECTROLINE © SYSTEMS 


Whether you're erasing one EPROM 
chip or a thousand, you'll want the 
latest and most advanced UV erasing 
system available. We have seven high 
performance systems to match your 
specific needs and your pocketbook. 
Prices start at $59.50. You can erase 
safely and completely in as little as 7 
minutes! And each system is backed 
by Spectronics Corporation...leader in 
ultraviolet technology since 1955. 
Write or call for more information and 
the name of your nearest authorized 
stocking dealer. 


Automatic 
Timer 
System Control 
PE-14 
PE-14T 
PE-24T 
PR-125T 
PR-320T 
PC-1000 
PC-2000 


Chip 
Capacity Price 


220 VOLT UNITS AVAILABLE 


SPECTRONICS CORPORATION 
Z 956 BRUSH HOLLOW ROAD, RO. BOX 483 


WESTBURY, NEW YORK 11590 


516-333-4840 
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PDP-11 COMPATIBLE 
DISKETTE SYSTEMS 


Connecting directly to the PDP-11 Uni- 
bus and LSI-11 Q-bus, models 11/11 
and 11/12 incorporate two flexible disc 
drives with built-in formatters, interface, 
and diagnostics. All elements are trans- 
parent to the DEC RT-11 operating sys- 
tem. ROM bootstrap is std. Individual 
write protect switches on each drive, 
busy and error status indicators, and an 
automatic reinitialize function are other 
features. Remex Div of Ex-Cell-O Corp, 
1733 Alton St, Irvine, CA 92713. 
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ECLIPSE/NOVA 
SOFTWARE SYSTEMS 


Screen Handler and Data Dictionary are 
software systems for Eclipse and Nova 
users. Screen Handler operates as an 
online interface to FORTRAN and as- 
sembly language programs, as a stand- 
alone data collection system, and as a 
development tool for interactive sys- 
tems. It is useful in limited memory en- 
vironments. Data Dictionary is a set 
of standalone utilities which create, up- 
date, and report on contents of a data 
dictionary, plus a runtime retrieval sys- 
tem to interface FORTRAN programs. 
Advanced Computer Techniques, 437 
Madison Ave, New York, NY 10022. 
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DIRECT CONNECT ORGINATE/ 
AUTOANSWER MODEM 


Unlike direct connect modems that use 
a telephone with an exclusion key ar- 
rangement to access the line after 
dialing, the 9113BOD has dialing ca- 
pability built into its top. An audio line 
monitor with volume control enables the 
operator to hear call progress tones, and 
automatically shuts off upon detection 
of a valid carrier from the remote end. 
Std data rate is up to 450 baud (600 
baud optional); RS-232 as well as 20- 
mA active current loop interface is pro- 
vided. Omnitec Data, 2405 S 20th St, 
Phoenix, AZ 85034. 

Circle 213 on Inquiry Card 
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IN-CIRCUIT TEST SYSTEM 


MB9280 individually tests all com- 
ponents on a PCB and the PCB itself. A 
bed-of-nails fixture interfaces unit under 
test to a measurement module con- 
trolled by a Z80 based microcontroller. 
A floppy disc loads test programs into 
the controller memory. Copy of the PCB 
artwork serves as cutting and drilling 
template for customizing test fixture. 
Writing in-circuit test program consists 
of little more than a list of component 
positions, values, and tolerances. Mem- 
brain Ltd, 23 Cobham Rd, Wimborne, 
Dorset BH217PE, England. 
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INDUSTRIAL 
OPTICAL DATA LINK 


Solid-state model XD300 transmits digi- 
tal data between two remote locations 
at a 300-baud data rate. The compact, 
2.25 x 5 Xx 2.25” (5.7- x 12.7- x 5.7-cm), 
unit uses IR focused sources and de- 
tectors for line of sight communications. 
Digitized data from one or more remote 
sensors are sent to the link, which 
transmits data to another unit up to 
200 ft (60.9 m) away. Op temps are 
—20 to 140 °F (—28.9 to 60 °C). Am- 
bient light immunity of 10,000 ft-cd 
provides reliable communications even 
in sunlight. Amrex Corp, 9215 151st Ave, 
NE, Redmond, WA 98052. 

Circle 215 on Inquiry Card 


10M-BYTE 
HARD DISC SUBSYSTEM 


iCOM® 4511 consists of D3000 disc 
drive with fixed and removable disc 
units, and iCOM intelligent controller 
that uses a bipolar microprocessor. Up 
to 3 additional drives can be added to 
the controller for a max of 40M bytes 
of storage. An S-100 bus version is 
also available. The unit operates at 
2400 rpm and has a data transfer rate 
of 5.0 MHz. Recording density is 2200 
bits/in (866/cm), and positioning times 
are 10 ms track-to-track, 40 ms avg, 
and 70 ms max. Pertec Computer Corp, 
20630 Nordoff St, Chatsworth, CA 91311. 


Circle 216 on Inquiry Card 


LSI-11 interface 
from MDB 


GP Logic Modules ® Peripheral Controllers 
Communications Interfaces = Systems Modules 
Chassis Assemblies = Microprocessor Modules 

Memory #® Power Supplies 


) Chassis Assemblies 
Backplane/Card 
Guide (8 quad slots) 
Chassis Enclosure 
Roll-Around Cabinet 

Power Supplies 


Single, dual and tri- 
= jple, output config- 


When it comes to LSI-11 in- 
terface, MDB has it: 


General Purpose Inter- 
faces 
Parallel for program- 
med I/O and DMA . 
Bus foundation «— 
modules 
Dual and qual Heide 
wrap for aye 
= 


as exceed. the 
acturer’ ae 


SSS ncondition- 
Byear warranty on its con- 
ig~and tested products. 
It boards are ship- 
Ewithin twenty-four 
if pOotification. Our ser- 
icy is exchange and 


B also supplies interface 
es zs es for PDP*-11, Data 
> “General, Interdata and IBM 
_Series/1 computers. Product 
Aiterature kits are complete 
with pricing. 


Yonly Anodu 
(without memory) / 


For 2704, 2708/and // 
1702 UV PROMS “/ 


For 5623, 5624 and 


3625 PROMS and MD Coos Cai e665 
ROMS i 714-998-6900 


SYSTEMS INC. TWX:910-593-1339 


* TM Digital Equipment Corp. 


Circle 79 for PDP; 80 for LSI; 81 for IBM; 82 for DG; 83 for INTERDATA 
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Data-MATE 


PRINTER STANDS 
FOR USE WITH CENTRONICS PRINTERS 


IN STOCK FOR IMMEDIATE DELIVERY 


Data-MATE Model #10700 for 
use with Centronics Models 700, 
701, 702, 703, 761, 763. 


Data-MATE Model #10779 for 
use withCentronics 


Models 779, 780, 781. 


Data-MATE Model #10045 for 


use with Centronics Series 300. 
Data-MATE Model #10107 for use 
with Series 100 and 500. 


Shipped assembled 


Other Data-MATE Models Available 


The Maine Manufacturing Company 
’ 46 Bridge Street 
A Nashua, New Hampshire 03060 
Telephone: (603) 882-5142 


Distributors Inquiries Invited 
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performance 


FDI-L11 / oem 
FLOPPY DISK SUBSYSTEM 


Mixed Format Operation 


Bonus Features 

* 128K Addressing Capability 
* 4Levels of Interrupt 

* Built-in Bootstrap PROM High Reliability LS! 
Controller Chip 


Packaging Flexibility 

* Piggyback (Shown) 

* Separated (Flat Cable 
Interconnect) 


o “eS 
Low Cost V4 . 


S44 


Industry 
Standard 
° : Te Drive 
IBM Compatible "hy a a Interface 
Single And V5 Ss 
Double Density 


High Performance DMA 
Data Transfer 


Handles Regular And 
Mini-Floppies 
Simultaneously 


FOR THE LSI-11 


Ask about our other 
LSI-11 products too. . . 


Handles Single And RT-11 Handlers 
Double-Sided Drives Provided 


44m COMPUTER TECHNOLOGY 
For Systems Designers 3014 Lakeshore Ave. 
Oakland, CA. 94610 
(415) 465-9000 
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PRODUCTS 


COMMUNICATIONS SIGNALS 
MONITOR PANEL 


Analog/digital monitor panel for signal 
analysis is accessed to the EIA digital 
interface via std Dyna-Patch MK II 
patch cords at the tech control center. 
A selector switch and voltmeter permit 
precise measurement of either a posi- 
tive or negative voltage on any of the 
interface’s individual leads. Levels of 
VF analog signals patched to panel are 
measured on a selectable range dB 
meter. A speaker with volume control 
permits qualitative analysis. Dynatech 
Data Systems, 7644 Dynatech Ct, 
Springfield, VA 22153. 

Circle 217 on Inquiry Card 


OPTICAL CARD READER 


Model H-68 avoids readout errors that 
could otherwise be caused by motion 
variables in inserting and withdrawing 
cards. Incorporating a single PC board, 
the unit reads cards containing up to 
68 col. Cards are inserted all the way 
into the reading slot and then with- 
drawn. As the card is removed, the 
punched holes are scanned optically 
and card data are read out column 
serial, row parallel. Reader is suited to 
OEM and systems applications. Taurus 
Corp, Lambertville, NJ 08530. 

Circle 218 on Inquiry Card 


STANDARD LINK 
I/O CONTROLLER 


External interface of the I/O controller 
to the company’s std I/O bus is serial 
synchronous and conforms to the trans- 
mission formats common to HDLC, 
ADCCP, and SDLC industry stds allow- 
ing interfacing between multiple vendors 
equipment. Basic protocol functions are 
performed in the controller itself. Direct 
memory transfer is included. An RS- 
232-C EIA electrical interface, wide- 
band WE301/303 electrical interface, 
and CCITT V35/WE306 high speed 
balanced voltage interface are available. 
Modular Computer Systems Inc, 1650 W 
McNab Ra, Ft Lauderdale, FL 33309. 
Circle 219 on Inquiry Card 


COMPUTER DESIGN/DECEMBER 1978 


RECORDERS 64KB MICROPROCESSOR 
MEMORIES 


e S-100-$695.00 
e LSI 11 - $890.00 
e 6800 - $995.00 


Cl-S100 — 64K x8 on asingle board. Plugs directly 
into the IMSAI, MITS, TDL, SOL and most other 
S-100 Bus computers. No wait states even with Z80 
at 4Mhz. Addressable in 4K increments. Power 6 
watts. Price $695.00 


Cl-1103 — 8K words to 32K words in asingle option 
slot. Plugs directly into LSI 11, LSI 11/2,H11 & PDP 
1103. Addressable in 2K increments up to 128K. 
8K x 16 $390.00. 32K x 16 $890.00 qty. one. 


Cl-6800 — 16KB to 64KB on a single board. Plugs 
directly into Motorola's EXORcisor and compatible 
with the evaluation modules. Addressable in 4K 
increments up to 64K. 16KB $390.00. 64KB $995.00. 


Cl-8080 — 16KB to 64KB on single board. Plugs 
directly into Intel's MDS 800 and SCB 80/10. 


; Addressable in 4K increments up to 64K. 16KB 
LOW PROFILE KEYSWITCHES C1-8080 64K x 8 $390.00. 64KB $890.00. 


Monitoring the status of many 2-state 
inputs, the System 22 recorder includes 
comprehensive, continual, diagnostic 
self-testing; plug-in emi/rfi filters for 
noisy channels; redundant input opto- 
isolators; EAROMs; and RS-232 inter- 
face. Cable plug-in of an additional in- 
put chassis expands it from 32 to 1024 
channels in steps of eight. It operates 
directly from a 125-Vdc station battery. 
Dranetz Engineering Laboratories Inc, 
2385 S Clinton Ave, South Plainfield, 
NJ 07080. 

Circle 220 on Inquiry Card 


FES-9 series offers choice of snap and 
nonsnap action keyswitches, as well as Tested and burned-in. Full year warranty. 


incandescent lamp or LED indication, 
suited to computer and automatic con- 
trol systems. Additional variations are 
reed capsule or solid-state types, mo- 
mentary or alternate action, and dire 
panel or adapter mounting. Operati 
forces are 50 +15 g at max stroke 
nonsnap, 70 +30 g at snap point, 15 
max for lock type, and 90 +30 g 
max stroke for nonsnap with L 
Fujitsu America, Inc, Component Sa 
Div, 910 Sherwood Dr, Lake 
IL 60044. 

Circle 221 on Inquiry Card 


Chrislin Industries, Inc. 


Computer Products Division 
31352 Via Colinas ¢ Westlake Village, CA 91361 © 213-991-2254 
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ROYTRON 


plug-compatible reader/punch 


“e. 


SOLID-STATE OPTICAL 
BADGE READER 


Using GaAs LED light source and photo- 
transistor sensors, DSR-100 reads std 
12-row, 22-col badges or 12-row, 20- 
col credit cards. Built-in optically gen- 
erated strobe pulse provides up to 22 
pulses for data verification, regardless 
of badge punching. Sensor outputs are 
open collector and can be directly 
interfaced with low impedance TTL or 
high impedance CMOS logic without 
intermediate circuitry. All external - 
nections are via 2 20-way ribbon c 

connectors. Programming Devices Div of 
Sealectro Corp, Mamaroneck, NY 10543. 


Desktop combination reader/punch with serial 
asynchronous RS-232C compatible interface. 
Designed to operate with a terminal device on the 
same serial data lines or alone on a dedicated 
serial line. Reader will generate data at all 
standard baud rates up to 2400 baud. 


Punch accepts data at all standard baud 
rates up to 600 baud continuous or 4800 baud 
batch, utilizing a 32 character buffer. 


Two modes of operation are provided: 
Auto Mode — Simulates Model 

ASR 33 Teletype using ASCIi defined 
data codes (DC 1, 2, 3 and 4) 

to activate/ deactivate the reader 

or punch; Manua/ Mode — Code 
transparent mode. Panel switches control 


MODEL 1560-AS 


activation/ deactivation of reader High-speed, compact, with 

eer or punch and associated terminal device self-contained electronics 
2 and power supply 

Tape duplication feature is provided by Complete in attractive 


setting unit to LOCAL mode noise dampening housing 


[A SWEDA INTERNATIONAL, INC. 
Litton OEM Products 


E — 4 34 Maple Avenue, Pine Brook, N.J. 07058/(201) 575-8100 
= IN UK — ADLER BUS. SYSTEMS/OEM PRODS.. Airport House, Purley Way, Croyden, Surrey, England 


IN FRANCE — SWEDA INTERNATIONAL 4@iEM 103-107 Rue de Tocqueville, 75017 Paris, France 


Hi 
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U.S. & foreign patents 


SAY GOODBYE 
to old manual 


wire wrapping 
tools! 


Now you can wrap 
thick insulated wire 
4 TIMES FASTER 
with 

NO pre-cutting 
SLIT-N-WRAP NO pre-stripping 
tool with Fefzel " DAISY CHAIN 
wire makes We RUNS. 
connections as \ 

reliable as 

other wrap tools. 


NEW P184 


P184, with 
100’ of 28 
gage Tefzel 

wire, $30.00. 


Insulation is slit 
open before 
wrapping on post, 
not between 

posts. No unwanted 
cut-thru. 


P184-4T with batteries and recharger, $105.00 (includes P184). 

P184-4T1 110V AC, $105.00 (includes P184). Tefzel wire, 28 gage, various 

colors, $4.39/100 ft. If not available locally, factory order—add $2 handling charge. 
Prices subject to change without notice. 


ELECTRONIC COMPANY, INC., 12460 Gladstone Av., Syimar, CA 91342 
phone (213) 365-9661, twx 910-496-1539 


= 571177 Ss 
CIRCLE 87 ON INQUIRY CARD 


ELIMINATE NOISE 
PROBLEMS WITH DELTEC’S 


PT COMPUTER 
POWER 
CONDITIONER 


5S KVA FOR LESS THAN $1,500 


Only One Computer Power Conditioner Eliminates All Noise Problems. 


Noise on a computer power line causes data and memory loss as well as 
mysterious crashes and errors. This noise can pass through voltage reg- 
ulators and dedicated power lines. 


Deltec DLC Series computer power conditioners eliminate noise and 
regulation problems. Unique shielding provides 120 dB (1,000,000:1) 
reduction for: Transients—Voltage Spikes—Ground Loops—Line Noise 
caused by RFI or EMI (radiated noise). 


The DLC regulates voltage within 3% over a 30% input voltage range. 


AC POWER HANDBOOK 


. gives you hard answers on how to 
solve AC Power problems. Now available 
at our cost of $3.00. Write or call for a copy. 


eee eres eeae 


CORPORATION 


80 Buenos Ave. ® San Diego, CA 92110 
Phone (714) 275-1331 
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PRODUCTS 


FREQUENCY SHIFT KEYING 
SYSTEM FILTERS 


Passive filters JW33-2267A-68B are 
voice-channel devices used to eliminate 
the 8-kHz sample rate for PCM sys- 
tems while assuring adequate voice fre- 
quency transmission. -2218A-19A are 
designed for FSK modem circuits to dif- 
ferentiate between mark and space 
transmissions, and -2133A-34A are 
bandpass and band-rejection filters for 
use in telecommunications test equip- 
ment where a 1020-Hz test tone is used 
as the holding tone. Advantages include 
low noise, inherent immunity to external 
rf interference, and an extended op 
temp range. Sprague Electric Co, 555 
Marshall St, North Adams, MA 01247. 
Circle 223 on Inquiry Card 


PCB RACK WITH BLOWER 


Kooler-Kage™ for std 19” (48-cm) cab- 
inetry has a built-in centrifugal blower 
that moves 25 ft*/min (0.75 cm*/min) 
into a baffled plenum chamber to re- 
duce the velocity and distribute the air 
volume over the entire area. As the cool 
air flows from bottom to top displacing 
the air heated by the components, each 
card is cooled on both sides, and all 
cards are cooled equally. Card guides 
have a 75% open design to facilitate 
air flow. UNITRACK® Div, Calabro Plas- 
tics, Inc, 8738 W Chester Pike, Upper 
Darby, PA 19082. 

Circle 224 on Inquiry Card 


IMAGE ARRAY PROCESSOR 


IP 5000 meets requirements for high 
resolution color, multi-image mono- 
chrome, or pseudocolor displays. The 
processor consists of computer inter- 
face, memory management and data 
control, memory control units with in- 
tensity transformation, master timing, 
video cards with 8-bit DACs, digital 
video processor arithmetic unit, video 
signal digitizer and control, alphanu- 
meric overlay generator, and cursor 
generator and control. Features include 
640 x 512 element display area, up to 
four 256 level images, and 16k MOS 
refresh RAM. DeAnza Systems Inc, 3444 
De La Cruz Blvd, Santa Clara, CA 95050. 
Circle 225 on Inquiry Card 
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GANGABLE 20-COLUMN 
THERMAL PRINTHEAD 


The 2” (50-cm) DM20100 permits non- 
impact printing. Applications include 
medium speed alphanumeric strip and 
page printing, and ganging in wider 
column applications such as 40- and 
80-col printers. Side-by-side stacking 
extends the col width without forming 
a large printing gap. Char line speeds 
through 7 lines/s are possible printing 
a full 5 x 7 matrix char on std 90 °C 
heat sensitive paper. Gulton Industries 
Inc, Hybrid Microcircuit Dept, 212 Dur- 
ham Ave, Metuchen, NJ 08840. 

Circle 226 on Inquiry Card 


SNAP-IN LED INDICATORS 


558 series mounts in a 0.156” (0.396- 
cm) hole and 559 series in 0.250” 
(0.635-cm) hole, in panels from 0.031 
to 0.062” (8 to 1.6 mm) thick, with no 
need for mounting hardware. Both 
series include red, green, or yellow 
LEDs with or without integral current- 
limiting resistors. 5 V at 15 mA is 
typ power requirement for units with 
resistors; 559 series includes red LED 
with integral resistor for 12-V applica- 
tions. Both series are available with 6” 
(15.2-cm) color-coded wire leads or 
with straight terminals suitable for wire- 
wrapping. Dialight, a North American 
Philips Co, 203 Harrison Pl, Brooklyn, 
NY 11237. 

Circle 227 on Inquiry Card 


SERIES/1 SUBSYSTEMS 


Including software drivers that provide 
software compatibility with IBM series/1 
operating systems, 7- or 9-track 1050 
magnetic tape systems have recording 
densities of 200 to 1600 bits/in (78 to 
630/cm) and speeds of 12.5 to 125 
in/s (31.7 to 317.5/cm). With 40M to 
300M bytes of storage on removable 
media, 6050 disc storage system can 
accommodate from 1 to 4 drives in a 
single or dual processor environment. 
Model 9550 300-, 600-, 900-, and 1500- 
line/min (64 char) printer systems oper- 
ate without software modifications. 
Datum Inc, 1363 S State College Blvd, 
Anaheim, CA 92806. 

Circle 228 on Inquiry Card 


VIDEO INTRUSION DETECTOR 


Performing surveillance activities of up 
to 25 acres (10 ha), MDU-2-CPR motion 
detector features detection probabilities 
in excess of 99.9%. Normal amb mo- 
tion is processed to eliminate false 
alarms. Detection is based on light 
measurements made at over 16k loca- 
tions in the monitored scene. These 
are compared with live incoming video; 
locations where differences occur are 
then processed. The equipment outputs 
alarm signals to devices and displays 
the alarmed scene. Video Tek, Inc, 8 
Morris Ave, Mountain Lakes, NJ 07046. 


Circle 229 on Inquiry Card 


TRANSPORTABLE 
META ASSEMBLER 


For use with Intel MDS systems, mini- 
computers, and large computer sys- 
tems, TMA language and syntax are 
compatible with AMD AMDASM. Allow- 
ing users to define assembly language, 
and then assemble product format ob- 
ject code, it can be used alone or in 
conjunction with STEP-2, a standalone 
realtime interactive development instru- 
ment. When used on an MDS system, 
64k memory and ISIS II are required; a 
computer system requires a 16-bit word, 
FORTRAN, 18k words of memory, and a 
disc file. Step Engineering, Inc, PO Box 
61166, Sunnyvale, CA 94088. 

Circle 230 on Inquiry Card 


ELECTRO OPTIC CONNECTORS 


Threaded SMA and quick disconnect 
bayonet TPS accommodate single fibers 
as small as 125 um and bundles as 
large as 1143 um in diameter. SMA 
requires precision torquing in assembly, 
and is subject to loosening under vi- 
bration. Fiber cables using Tefzel or 
Kevlar strength members must be either 
tool crimped or epoxied to the con- 
nector. TPS overcomes these weak- 
nesses using a 3-lug bayonet for sta- 
bility. In addition, it is positive locking, 
requires no torquing, and cannot come 
loose under vibration. Trompeter Elec- 
tronics, Inc, 8936 Comanche Ave, Chats- 
worth, CA 91311. 

Circle 231 on Inquiry Card 


Econoram XI is a 32K X 8, 
SBC compatible static memory board. 


These boards are burned in for 200 hours, serial numbered, guaranteed to 
operate at 3.2 MHz over the full commercial temperature range, and qualified 
under our Certified System Component program (in the event of failure, 
boards are immediately replaced — not repaired — for fastest possible 


turnaround). 


information. 


It costs $1050 (single board), 
and has a lot going for it... 
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They are designed specifically for the Intel/National 80/10 and 80/20 
machines, and feature a multi-block configuration that allows independent 
addressing of blocks of memory anywhere on the memory map. Where cost is 
a prime consideration, Econoram Xt is also available in “unkit” form (similar 
to standard kit products, but with sockets and bypass capacitors pre-soldered 
in place) at substantial savings. 

We have the memory you want, and we have it now: contact us for 
OEM/production quantity pricing schedules and additional technical 


Call us at (415) 562-0636, or write... GoOodeoUl 


ompuKit 


BOX 2355, OAKLAND AIRPORT, CA 94614 
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for OEMs 


BULOVA 


has them all 
1kHz to 185 MHz 


MIL, Commercial 
& Custom 


xcellent Stability, High Q 
he smallest known package 
or this frequency range. 


. kHz to1 MHz JT ° DT 
DT Bare NT ¢ E(+5° Ext.) 
H(+5° Flex.) 


1 MHz to 185 MHz 


Fundamental and 
Overtone 
Excellent 
Frea./Temp./Aging 
Characteristics 


for 
Filters and 
Oscillators 


BULOVA |)” 


ELECTRONICS DIVISION 
of BULOVA WATCH CO., Inc. 
61-20 Woodside Avenue 


Woodside, N.Y.11377 (212) 335-6000 
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PRODUCTS 


FREQUENCY SYNTHESIZER 
INTERFACE 


Model 1488A-12 is designed for in- 
corporating the company’s 5100 series 
synthesizers into the IEEE 488/1975 
GPIB. Connected into synthesizer and 
host system via std cables, the inter- 
face meets all constraints specified 
for the GPIB, and provides everything 
needed for full control of programmable 
parameters. It accommodates up to 1M 
8-bit data transfers/s and provides full 
buffering of data. Data entry is byte 
serial. Rockland Systems Corp, 230 W 
Nyack Rd, West Nyack, NY 10994. 
Circle 232 on Inquiry Card 


100- AND 325-MHz 
CLOCK GENERATORS 


Offering variable frequency clock sig- 
nals over a wide bandwidth, instruments 
provide basic clock source for pattern 
generator and bit error rate test mod- 
ules at up to 325M-bit/s data rates. 
MS-101 operates from 1 kHz to 100 
MHz, and uses a voltage controlled 
oscillator to provide a variable fre- 
quency clock output signal. Up to 3 
separate crystal oscillators may be in- 
stalled as an option. MS-301 operates 
from 1 to 325 MHz, but only 1 crystal 
oscillator is optional. Tau-Tron, Inc, 11 
Esquire Rd, North Billerica, MA 01862. 
Circle 233 on inquiry card 


6400-BIT/IN 
DIGITAL CARTRIDGE DRIVE 


Model 3164 contains 3100 drive mech- 
anism with mechanical latch, 6400- 
bit/in (2519/cm) 4-track head with 
selective erase features, and single 
board electronics assembly. It records 
and reproduces data using a cartridge 
which mechanically conforms to ANSI 
Std X3B5/75-43. Drive mechanism com- 
plies with ANSI/ECMA/ISO stds and is 
built to operate in environmental and 
vibration/shock extremes. Center of 
gravity mounting of motor and attached 
optical tachometer enable drive to main- 
tain proper capstan pressure in any 
position. Tandberg Data Inc, 4060 
Morena Blvd, San Diego, CA 92117. 
Circle 234 on Inquiry Card 


PDP-11/34 MOS MEMORY 


Single-board MS11 memory can be 
added to current PDP-11/34 processors 
and will be standard with some PDP- 
11/34A configurations. It is available in 
128k- and 256k-byte versions. Both show 
performance improvements of 20% in 
noncache and 10% in cache over pre- 
viously used memory. Nominal cycle 
time is 15 ns, and power consumption 
is 50 to 75% that of equivalent memory 
configurations. Digital Equipment Corp, 
Maynard, MA 01754. 

Circle 235 on Inquiry Card 


INTELLIGENT RANDOM-ACCESS 
DISPLAY MODULE 


A 20-char/col, dot matrix, vacuum 
fluorescent microdisplay, the DE/320 
features the full ASCII 96-char set, on- 
board microprocessor with character 
generator, display buffer, refresh, and 
conirol logic; and 5-V de to dc con- 
verter. Natural blue-green chars are 
bright and clear and can be filtered to 
different colors. Chars are formed on 
low power displays and can be viewed 
from up to 10’ (3 m). All char positions 
are uniquely addressable. Both parallel 
and serial (1200-baud) interfaces are 
available. Digital Electronics Corp, 415 
Peterson St, Oakland, CA 94601. 

Circle 236 on Inquiry Card 


FULL-DUPLEX 
ORIGINATE/ANSWER MODEM 


Model 1255, an efficient 1200-bit/s 
modem, eliminates line turns character- 
istic of half-duplex operation to increase 
throughput 4-fold, reduce connect time, 
and maintain viable data integrity. The 
unit is designed specifically to work in 
a direct connect mode, and is regis- 
tered with the FCC to work with per- 
missive jack or ‘‘data” jacks. It is com- 
patible with itself, VA84XX modems, and 
the 1234 acoustic coupler. Anderson 
Jacobson, Inc, 521 Charcot Ave, San 
Jose, CA 95131. 

Circle 237 on Inquiry Card 
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SMALL BUSINESS COMPUTER 
CRT TERMINAL 


Compatible with S-100 bus microcom- 
puters, terminal accepts separate TTL 
video and sync, and interfaces with 
existing alphanumeric video display 
boards. It also offers a monitor project- 
ing char-by-char reversed video, re- 
duced intensity, and block and line 
graphics. When used with Flashwriter 
video board, it provides a 16 x 64 dis- 
play on a 12” (30.5-cm) screen, 900- 
line resolution at center, and 750-line 
resolution at the borders. Keyboard has 
typewriter format and numeric keypad. 
Vector Graphic Inc, 31364 Via Colinas, 
Westlake Village, CA 91361. 

Circle 238 on Inquiry Card 


FIBER OPTIC PCB SOURCE 
AND DETECTOR ASSEMBLIES 


Featuring a plastic DIP and an integral 
fiber optic cable that exits the 0.35 x 
0.42 x 0.60” (0.889 x 1.067 x 1.524 cm) 
package parallel to the PC board, de- 
tector assemblies have a low voltage, 
high speed silicon PIN photodiode that 
operates in reverse bias mode. Source 
assemblies use a high power GaAlAs 
emitter having a peak emission wave- 
length of 790 nm for optimum transmis- 
sion in plastic fiber, and a radiant rise- 
time of 20 ns. Radiant power output 
from the end of the integral fiber optic 
cable is as much as 200 u.W depending 
on length of fiber. Texas Instruments 
Inc, PO Box 5012, Dallas, TX 75222. 
Circle 239 on Inquiry Card 


400-LINE 
SPECTRUM ANALYZER 


Model SD345 FFT signal analyzer oper- 
ates both as standalone instrument and 
as element in signal processing sys- 
tems. It combines narrowband spectrum 
analysis of signals up to 100 kHz with 
ability to perform Ys octave and octave 
analysis of acoustic data by addition 
of a single optional plug-in board. 
Video display with clear across non- 
parallax X and Y grids, alphanumeric 
annotation, and data scaling presents 
time-domain and frequency domain data 
simultaneously. Dynamic range is 70 dB. 
Touch control front panel is operator/ 
instrument interface. Spectral Dynamics, 
PO Box 671, San Diego, CA 92112. 
Circle 240 on Inquiry Card 


HEAT DISSIPATION SYSTEM 


PE series conduction bar heat dissipa- 
tion system for 0.300” (7.6-mm) DIP 
systems places no restrictions on dis- 
tance between rows of DIPs or between 
DIPs in a row. Adaptable to any size 
boards, system consists of conduction 
bars and side rails, both made of certi- 
fied high thermal conductivity copper 
and solder plated. Conduction bars for 
a single DIP with up to 16 pins have 
solder pins at 0.70” (1.77 cm) OC in 
lengths up to 14” (35.6 cm). Interna- 
tional Electronic Research Corp, 135 W 
Magnolia Blvd, Burbank, CA 91502. 
Circle 241 on Inquiry Card 


PRINTER/PLOTTER INTERFACE 


A 2-board, microcontroller based Nova/ 
Eclipse compatible interface that links 
the company’s 5000 refresh vector 
graphic system to electrostatic printer/ 
plotters, the MG556 converts a non- 
ordered vector list directly to raster 
input. Hardcopy generation is performed 
in hardware, eliminating the time delay 
inherent in software processing. Vector- 
to-raster conversion proceeds at the 
plotter’s max output rate with hardcopy 
obtained in approximately 10 to 15 s. 
Megatek Corp, 1055 Shafter St, San 
Diego, CA 92106. 
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PDP-11 & LSI-Il users 
,.-here’s plug — 


cartridge storage ¢—=—. 


~ 
CARTRIDGE TAPE DRIVE 
THE. MODEL 650 PROVIDES: 
@ 30 IPS Read/Write, 90 IPS Rewind/Search 
@ 48,000 Bits/Sec Transfer Rate 
e@ 2.5+ Megabytes per cartridge 
@ Small Size—Rugged Design 


TAPE STORAGE SYSTEMS 
® Model 2200—1 or 2 Tape Drives in 5” package 
® Mode! 2400—Up to 8 Tape Drives in 9” package 


@ Model 2710—Portable Recording System with up 
to 2 Drives 

© Model 86008 Formatter—Used in all Tape Storage 
Systems. Complete ANSI compatibility with 
powerful data handling features. 


INTERFACES 


All tape systems are available with the following 
controllers: PDP-11/LSI-11/NOVA, ROLM/ 
INTERDATA/ ALTAIR/8080/RS232/NTDS. 


For more information. call us today. 


Qantex .... 


NORTH ATLANTIC INDUSTRIES, INC. 


60 PLANT AVE., HAUPPAUGE, NEW YORK 11787 * 516-582-6060 » TWX: 510-227-9660 
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COME ON 
UP TU... 


“SIL-PADS 400”: 
THE SUPERB 
SOLID STATE 
HEAT SINK 
INSULATORS ... 
TEST 'EM! 


Overcome your heat-sink problems 
by using “SIL-PADS 400”. Eliminate 
messy grease and fragile mica or 
plastic film by using this exclusive 
development of the Bergquist 
Company. 


“SIL-PADS 400” are thin but tough 
layers of thermally-conductive sili- 
cone rubber and _ fiberglass 
(laminated together). Cut-through, 
tearing, and breaking problems are 
gone. Assembly time is reduced; no 
more solder contamination; consis- 
tent heat transfer performance. 


“SIL-PADS 400” are successfully 
used in thousands of applications. 


Many standard configurations; 
also custom capability. 


FREE SAMPLES, 
TECHNICAL DATA, 
and LITERATURE! 


BERGOUIST 


5300 Edina Industrial Blvd. 
Minneapolis, MN 55435 
Phone (612) 835-2322 
TWX 910-576-2423 
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PRODUCTS 


1.75’ HIGH CHARACTER 
LED DISPLAY PANEL 


Taskdata provides 1.75” (4.45-cm) high 
alphanumeric chars using red LEDs in 
5 x 7 dot matrix font. Display panel is 
14” (35.6 cm) long and displays up to 
8 chars with serial or parallel input 
ASCII data. Multiple panels can be 
joined horizontally or stacked vertically. 
$2-char memory allows sequential ro- 
tation through 4 8-char groups, or 
focus on single 8-char message. One 
PC card holds all support electronics. 
Unit is plug-compatible with most com- 
puters through RS-232-C interface or 
differential inputs for daisy-chaining. 
Logic Electric, PO Box 5154, Kingwood, 
TX 77339. 
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DIGITAL PLOTTING SYSTEM 


A 36” (91.4-cm) wide, 4-pen unit, model 
3653SX uses built-in microcomputers to 
achieve an exceptionally smooth line. 
Resolution is 0.001” (0.025 mm); resolu- 
tions of 0.002, 0.004, 0.005, 0.008, and 
0.010” (0.051, 0.102, 0.127, 0.203, and 
0.254 mm) can be switch selected. 
Compatible with the company’s graphic 
machine language, the plotter incorpo- 
rates interface considerations including 
online, offline, or remote with error 
correction, and is supplied with plotting 
software. Zeta Research Div, Nicolet 
Instrument Corp, 2300 Stanwell Dr, Con- 
cord, CA 94520. 
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MODULAR DESKS 


Modules can be arranged in a variety 
of combinations at the same or varying 
heights, in straight lines or return, for 
a variety of EDP applications. Vari- 
ations may be provided initially or later 
as requirements change. The modular 
desk is available in std [28” (71-cm)] 
or keyboard [26.25” (65.68-cm)] heights; 
return wedges are 45 and 90°. Work 
surfaces are 48, 60, and 72” (122, 152, 
and 183 cm) wide, 30” (76 cm) deep. 
Scientific-Atlanta, Inc, Optima Div, 3845 
Pleasantdale Rd, Atlanta, GA 30340. 
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MULTIRANGE EXPANSION 
FOR FFT ANALYZER 


Portable 2-channel model 660A digital 
expander option -2D preserves basic 
800-line (1 channel) or 400-line (2 
channel) high resolution of the analyzer 
within the expanded window. Window 
can be set as high as 100 kHz. Out-of- 
window large signal protection is pro- 
vided by a choice of 13 low pass filters 
from 10 Hz to 100 kHz. Resolution 
ranges from <0.64 mHz to 6400 Hz. 
Nicolet Scientific Corp, 245 Livingston 
St, Northvale, NJ 07647. 
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ELECTROMAGNETIC BRAKES 


“Failsafe” line, for controlled stopping 
and/or holding rotating loads, is claimed 
to be smaller and lighter than com- 
petitive designs. Standard brake is 
spring-applied and electromagnetically 
released. Available static torques range 
from 6 to 75 Ib/in (1.07 to 1.32 kg/cm). 
Automotive Components Marketing Div, 
Facet Enterprises, Inc, Oakwood Ave, 
Elmira, NY 14903. 
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DC MICROMOTOR WITH 
INTEGRATED TACHOMETER 


Model 16 GIC, for use in miniature 
drive systems requiring speed control, 
has ironless rotor with tachometer coil 
wound directly on motor coil. Unit is 
16 mm in dia, with body length of 17.7 
mm. Coil arrangement reduces voltage 
induced by motor current by half. 5- 
segment motor commutators are silver 
alloy; those for tachometer are gold 
alloy, as are both sets of brushes. Max 
rotor temp is 100 °C; motor voltage is 
6 Vdc. Unit is available with or without 
output pinion. Portescap U.S., 730 Fifth 
Ave; New York, NY 10019. 
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MINIATURE 6-POLE 
C FORM LATCHING RELAYS 


PC board mountable 205 relays, 1.437” 
(3.649 cm) high and 0.50” (1.27 cm) 
wide, offer edge to dome® contacts for 
reliability in situations where they are 
infrequently used. Orthogonal wiping 
action provides a constantly clean sur- 
face critical for low level signal appli- 
cations. Life expectancy is 30M oper- 
ations. Bistable magnetic action helps 
sustain contact closure in either posi- 
tion of the double throw, and protects 
against shock and vibration. T-Bar Inc, 
141 Danbury Rd, Wilton, CT 06897. 
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MINI-FLOPPY RS-232 
STORAGE SYSTEM 


Up to 179.2k char are stored in the 
model 400, which is designed to inter- 
connect between asynchronous RS-232 
or TTY compatible terminals and a 
modem/CPU for store and _ forward 
applications. Dual UARTs provide for 
online selectable baud rate conversion 
from 110 to 19.2k. Software, including 
directory controlled file management 
system and context editor, resides in 
ROM. Additional features are auto an- 
swer, transparency mode, automatic line 
feed, and line mode. Columbia Data 
Products, Inc, 6655 Amberton Dr, Balti- 
more, MD 21227. 
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ECONOMICAL DATA . 
ACQUISITION MODULES 


Model DT6812 samples up to 30k chan- 
nels/s with A-D conversion of each 
channel requiring 25 us. 3-state data 
outputs for computer bus connection 
are available in either CMOS or TTL. 
A-D converter can be externally 
jumpered for faster conversion with less 
resolution. Model DT2009 samples 100k 
channels/s, with A-D conversion in 6.5 
us. Throughput rates of 75k and 35k 
channels/s are optionally available. Out- 
puts are std TTL levels. Models are 
respectively pin and function compatible 
with Analogic MP6812 and MP6912. 
Data Translation, Inc, 4 Strathmore Rd, 
Natick, MA 01760. 
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2-mW DIGITAL 
OPTICAL TRANSMITTER 


Injection laser diode light source of 
OTL-1101-D provides peak _ optical 
power output of 2 mW from ~—40 to 
50 °C. Bandwidth is 1 nm, wavelength 
830 nm, and rise time less than 3 ns. 
Input impedance is 50/75 Q; input sig- 
nals may be any serial format. Stably 
operating laser has projected life of 
10° h. PIN photodiode samples laser 
output for demodulation and control. 
Companion rackmountable receiver is 
available. Electro-Optic Devices Corp, 
223 Crescent St, Waltham, MA 02154. 
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NOVA/ECLIPSE 
BAUD RATE GENERATOR 


A dual rate generator with one rate 
committed to a specific backplane pin 
for internal use on the I/O board, and 
the second totally independent gener- 
ator providing different rates for use in 
other parts of the system, the board 
mounts directly to the backplane of an 
Eclipse/Nova CPU. Power and signals 
are derived from the backplane. Switch- 
able baud rates range from 50 to 
19.2k. A crystal control oscillator as- 
sures accurate timing. California Data 
Corp, 3475 Old Conejo Rd, Newbury 
Park, CA 91320. 
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PRINTER/PLOTTER 


Replacing line printers and pen plotters, 
the 1641 HCS prints 1000 132-col lines/ 
min. Plotting at 1” (2.54 cm)/s it pro- 
duces 6 pages/min. The system prints 
and plots simultaneously under machine 
control without changing hardware. 
Consisting of 1600A printer/plotter and 
integral digital video source controller, 
the unit produces max hardcopy image 
size of 10 x 8.5” (25.4 x 21.6 cm) with 
resolution of 160 dots/in (63/cm) linear. 
Max plot width is 10.24” (26.01 cm) 
across 11” (27.9 cm) wide paper. Ver- 
satec, 2805 Bowers Ave, Santa Clara, 
CA 95051. 
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Strike up the Band... 
at 300 LPMs! 


At Data Printer Corp, we’ve been cannonballing along on the ChainTrain® 
Choo-Choo for almost a decade. Its high-speed, rugged dependability 
and sophisticated instrumentation has made us one of the world's 
leading suppliers of OEM line printers. 

Now, we've taken all we've learned from ChainTrain technology 
and applied it to our new Band Line Series of band-type printers. 

The Model 3300 is just one example: it features a print data buffer/ 
single line memory; Bit parallel, Character-serial, TTL compatible elec- 
tronics. And it spews out hard copy at 300 LPM’, 132 positional line 
length, 64 character set, with ASCII print coding. 

Our new “Band” is available for a free 30-day audition. Write or call 


for Model 3300 particulars! 


DATA PRINTER CORP 
99 Middlesex Street, Malden, MA 02148 


_ Tel:(617)321-2400 TWX:710-348-0794 
“Regional Sales Offices: Clifton, NJ, Costa Mesa, CA 


~ 
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PARALLELING SWITCH 


In paralleling form, all switch positions 
are shorted together as it is rotated, 
with the exception of 1 which is iso- 
lated from the rest on the same deck. 
Design is useful in multiple circuit cable 
testing or solid-state testing where all 
except the circuit being tested are con- 
nected, to eliminate transients causing 
erroneous test data. A _ progressive 
shorting form connects a new contact to 
all preceding contacts each time the 
switch is rotated from 1. position. 
Cole Instrument Corp, 2650 S Croddy 
Way, Santa Ana, CA 92704. 
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COLOR GRAPHIC 
DISPLAY TERMINAL 


Semigraf 240, using raster scan tech- 
nology, displays graphics and alpha- 
numerics in 8 different colors on a con- 
ventional RGB TV monitor. Microproces- 
sor controlled, the terminal has several 
display formats, selectable either from 
keyboard or external computer. Display 
consists of 32 or 48 lines with 80 or 
64 char/line. Characters may be dis- 
played either normal size or double 
width. Both page and roll mode are 
provided. Four pictures may be stored 
in the memory of the control unit. SRA 
Communications AB, Fack, S-163 00 
Spanga, Sweden. 
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DUAL-SIDED, DOUBLE-DENSITY 
FLOPPY DISC DRIVE 


DataTrak 8 achieves low media wear 
using a fast approach and slow soft 
landing followed by slow takeoff with 


rapid acceleration through electronic 
and mechanical dampening of the sol- 
enoid, putting more constant pressure 
on the media. Storing 1.6M bytes un- 
formatted, the unit has track-to-track 
access time of 3 ms, avg access time 
of 91 ms, and settling time of 15 ms. 
Qume Corp, 2323 Industrial Pkwy W, 
Hayward, CA 94545. 
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FIBER OPTICS SENSOR 


The 0.125” (3.175-mm) dia model 6276A 
connects with model 1571A threaded 
sensor heads that mate directly with 
glass fiber cable to transmit light from 
the source head to a compact brass 
sensor tip and back to the detector head 
after bouncing off the detected object. 
Diodes emit either std IR or visible red 
light. Sensor detects small objects at 
close range, and/or discriminates them 
from nearby backgrounds. Opcon Inc, 
720 80th St SW, Everett, WA 98203. 
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Buy from the specialist 


Minibridge® 


Retro-Graphics™ 


For your Dumb Terminal® The Retro- 

Graphics PC card mounts easily in the Lear Siegler 

ADM.-3A to provide you with an affordable graph- 

ics computer terminal. 

Features: 

e Z-80 Based 

@ 512 by 250 
Dot Matrix 

@ Simple Plug-in 
Interconnect 


fast recovery 
Rectifier Bridges 


Trr as fast as 150 ns. ¢ Peak Reverse Voltages from 
50 to 1,200 © Currents to 30 Amp ¢ For Heat Sink 
and Chassis Mounting e Single and 3-phase bridges 
e Center Tap and Doublers ¢ Standard and U.L. 
Component Recognition Types © Many unique 
features ¢ Attractive Prices 


adi Free Samples 


e@ Point Plotting 

e Automatic Vector 
Generation 

@ Optional TEKTRONIX 
Software Compatibility 


You will be impressed with the packaging, per- 
formance and price of the Retro-Graphics card. 
Write or phone today for complete specifica- 
tions. 


Write for catalog. Describe application and we 
will provide free samples and our best low prices, 


electronic devices, inc. 
21 Gray Oaks Ave., Yonkers, N.Y. 10710 


[914] 965-4400 TWX [710] 560-0021 TELEX 13-1580 DIGITAL RESEARCH & ENGINEERING 


5223 Glide Drive « Davis, CA 95616 
(916) 756-80: 


Dumb Terminal is a registered trademark of Lear Siegler Inc. 
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STEPPING MOTOR 
TRANSLATOR 


Model 4006 is a 40-V, 6-A/phase uni- 
polar chopper translator designed to 
drive 650- to 800-oz-in (4.55 to 5.6- 
Nem) stepping motors. Operating at a 
switching frequency of 5 kHz, the unit 
can, when externally ramped, operate 
800-oz-in (5.6 N*m) motors in excess 
of 4000 steps/s. It has 12-V regulated 
and 40-V unregulated voltage for ex- 
ternal use. Std features are integral 
power supply; 50 to 500 adjustable 
internal clock; 115/230-V, 50/60-Hz 
operation; and external TTL clock input. 
Aerotech, Inc, 101 Zeta Dr, Pittsburgh, 
PA 15238. 
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PROGRAMMABLE 
REMOTE TIME DISPLAY 


Model 375 allows switch selection of 
five time codes. Decoding logic resides 
in a replaceable P/ROM allowing ad- 
ditional codes to be provided when 
needed. High input impedance permits 
use of multiple units with a single time 
code source. Variable intensity LED 
numerals display hours, minutes, and 
seconds, or day-of-year/ID information 
can be added to increment at 365, 366, 
or 999. Unit mounts on ceiling, rack, or 
wall. Moxon, Inc, 2222 Michelson Dr, 
Irvine, CA 92715. 
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UNIVERSAL SCOPE PROBE 


Consisting of screw-together elements, 
100-MHz system for oscilloscopes and 
frequency counters permits optional 
modules to be added on. Model WG-478 
includes a coax cable with direct probe 
and BNC connector, low cap X10 
adapter with integral probe tip, compen- 
sator with male and female BNC con- 
nectors, spring loaded hook-on probe 
element, ground clip assembly, and 
isolation boots which slip over the 
probe tip. VIZ Test Instruments Group 
of VIZ Manufacturing Co, 335 E Price 
St, Philadelphia, PA 19144. 
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PC BOARD RELAYS 


LZN line consisting of 24 models of 
low profile relays for low voltage/low 
current dry circuit PCB applications in 
communication systems minimize con- 
tact resistance. Offered in dpdt, 4pdt, 
or 6pdt, plus latching types, they oper- 
ate on dc signals of 6, 12, 24, or 48 V, 
and switch dry circuits to power cir- 
cuits up to 3 A at 24 Vdc. For use on 
PCBs mounted on 0.5” (1.2-cm) centers, 
models measure 0.453” (1.09 cm) in 
height by 1.201” (2.88 cm) in length. 
Omron Electronics, Inc, 233 S Wacker 
Dr, Sears Tower Suite 5300, Chicago, 
IL 60606. 
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Z80 BASED CRT TERMINAL 


Special P/ROMs allow 1|-100 to emu 


late 


control code sets of a variety of other 


formatting and editing, paging, and 
screen (80 x 24) offers 25th line 
status displays. There are also full 


sion with protected/unprotected fie 


Second Ave, Burlington, MA 01803. 
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terminals. Features include computer 
control of keyboard scanning, screen 


line 


drawing with a 32-char set. 1920-char 


for 
96- 


char ASCII set, selectable baud rates 
to 19.2k bits/s, block mode transmis- 


Ids, 


up to 8 programmable function keys, 
and 15-key numeric cluster. Infoton, Inc, 


176 MBytes Of PDP-11 
disk storage for 
$1000's less! 


You can have up / 
to 176 MBytes of 
formatted storage in 
an all-new moving- 
head disk memory 
system from 
Computer Labs. The 
M7000 uses a single 
floor-standing drive 
which plugs into your 
DEC PDP-11 Mini- 
Computer without 
any hardware or 
software alterations. 
It looks just like a DEC 
RJP-05 or RJP-06 to the Unibus. 

This system is completely compatible with 
DEC disk-pack media and software such as RT-11, 
RSX-11, RSTS, MUMPS, etc....but it costs thousands 
of dollars less. In fact, add-on drives for this 
system cost about 50% of the DEC equivalents. 

Computer Labs also offers PDP-11 users a 
selection of disk memory systems equivalent to 
the RK-05 with storage capacities through 
20 MBytes, and tape memory systems compatible 
to TM-11. Call or write now for all the details. 


COMPUTER LABS-<r- 


COMPUTER LABS, INCORPORATED 
505 EDWARDIA DR. @ GREENSBORO, N.C. 27409 @ 919/292-6427 @ TWX 510-922-7954 


/ 
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FIBER OPTIC 
CABLE CATALOG 


H-6-8 


Belden Corporation, Fiber Optics Group, 
2000 S, Batavia Ave, Geneva, IL 60134 Phone: 312-232-8900. 


BELDEN © 


Coming through... 


with new ideas for moving electrical energy 
© 1978 Belden Corporation 
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The 
“Blue Box” 


IDS MODEL 60 MODEM AND TERMINAL 
INTERFACE POCKET ANALYZER 


a 


voltage-sensing LED’s. 24 
miniature switches allow iso- 
lated testing and observation 


Our Model 60 is called ‘‘The of all signals. Mini-jumpers 


included for cross-patching 
and signal monitoring. Sturdy 
10 oz. unit has hard plastic 
case, is battery powered, reg- 


Blue Box’’ by thousands of 
users. This compact unit 
pe he riod ue = abil- 
ity per dollar. Pinpoints the 
auras of route batiesen the rae Al! igi Im- 
Modem and Terminal. Pro- i 
vides access to all 25 lines of MES) INTERNATIONAL 
| DATA 


the EIA RS 232 interface. Has 
12 monitoring LED’s plus two SCIENCES, INC. 


7 Wellington Rd., Lincoln, R.1. 02865 @ Tel:(401)333-6200 ¢ TWX: (710)384-1911 
Export: EMEC, Box 1285, Hallandale, Florida 33009 
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TOUCH SCREEN DIGITIZER 


Eliminating fixed function keyboards and lightpens, digitizer 
allows operators to access displayed data by touching a 
finger to the screen to identify the point of interest, per- 
mitting direct input to computer-controlled systems. Touch 
screen operation is accomplished using echo surface wave 
ratio process which operates on same principles as radar. 
Process uses 2 rows of piezoelectric transducers: 1 row on 
vertical edge of the screen and 1 on horizontal edge. By 
pulsing these transducers with signal, a wavefront is prop- 
agated across the surface of the special faceplate. Pressing 
a finger on the faceplate causes a reflected wave which is 
propagated back to the transducers and detected at that 
point. The unit is available for 15” (38-cm) screens with a 
25° radius. Megadata Corp, 35 Orville Dr, Bohemia, NY 11716. 
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RARE EARTH DC TORQUE MOTORS 


With 3 to 6 times the energy product of conventional per- 
manent magnet dc motors, units can be packaged in much 
less space, offering design advantages of weight reduction 
and miniaturization. In addition, the motors are not per- 
manently demagnetized by excessive current spikes or by 
driving them to the thermal limit of their high temperature 
insulation. Installation at the system level is simplified by 
the conventional unhoused permanent magnet motor. The 
devices are available in pancake, brushless, and brushless 
inside/out configurations. Typical applications are gimbal 
drives, servosystems, control surface actuation, computer 
peripheral equipment drives, and fin actuation. Clifton Pre- 
cision, Litton Systems, Inc, Marple at Broadway, Clifton 
Heights, PA 19018. 
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PROGRAMMABLE 16-LINE MULTIPLEXER 


Connecting PDP-11 computers to 16 asynchronous serial 
communications lines, DMAX/16™ makes use of the com- 
puter’s DMA capabilities to reduce CPU overhead to a 
minimum. Comprised of two hex modules that install into 
std SPC slots and connect to the rackmounted current loop 
or EIA RS-232-panel by separate flat ribbon cables, the unit 
provides complete program control of the lines, each of 
which operates with several individually programmable pa- 
rameters. Char length is 5, 6, 7, or 8 bits; number of stop 
bits is 1 or 2 for 6-, 7-, or 8-bit char and 1 or 1.5 for 5-bit 
char. Parity generation and detection are odd, even, or 
none. The operating mode is half or full duplex. 15 software 
programmable baud rates from 0 to 9600 baud, 19,200 baud, 
and an external baud rate are served. Able Computer Tech- 
nology, Inc, 1751 Langley Ave, Irvine, CA 92714. 
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COMPUTER DESIGN/DECEMBER 1978 


LOW LEVEL DATA ACQUISITION SYSTEMS 


i 
= 


Fitting directly into the Multibus of single board computers 
from Intel and National, 710 series units withstand common 
mode voltage of 250 V in presence of low level inputs. 
12-bit ADC with software programmable gain amp includes 
automatic zero and 6 gain settings, set on a channel to 
channel basis to 10, 20, 50, 100, 200, and 500 mV full scale. 
Optional cold junction compensation circuit can be software 
programmed on channel to channel basis to allow direct 
operation with all std thermocouples. Multireed low thermal 
emf flying capacitor low level multiplexer processes either 
8 or 16 differential low level analog inputs at 200 samples/s. 
Expansion beyond 16 channels is accomplished with 710-RX 
which contains 8 or 16 additional analog input channels/ 
card. Adac Corp, 15 Cummings Pk, Woburn, MA 01801. 
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100-MHz FREQUENCY SOURCE 


Crystal controlled 100-MHz pulse output of the Zepher C-1000 
circuit card is instantly synchronized to random input triggers 
that can occur at rates to 20 MHz or more. Coherence is 
established with =100-ps precision and the entire synchroni- 
zation process is completed within 55 ns after arrival of 
external trigger. In addition to the main 100-MHz clock out- 
put, two trigger outputs are available for auxiliary synchron- 
izing, triggering, or reference purposes. Card measures 7 x 8” 
(17.8 x 20.3 cm) and offers frequency stability (aging) of 
+2 x 10-7/wk; for temperatures stability is better than 1 x 10° 
through a 0 to 50 °C range. Input and output levels are ECL 
compatible. Unit is put into use by applying dc power and 
coupling a trigger input and an output cable to the miniature 
coax connectors on the board. Berkeley Nucleonics Corp, 
1198 Tenth St, Berkeley, CA 94710. 
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FIBER OPTIC TRANSMITTER/RECEIVER ASSEMBLIES 


Printed wiring board mountable digital 
fiber optic transmitter model 5000 is 
suitable for BiPhase-L (Manchester) 
encoded data transmission at rates of 
>30M bits/s over distances up to 1 
km. Companion model 6000 provides 
encoded data reception. Inputs are 
either TTL or ECL compatible de- 
pending on whether transmitter is 
operated from 5- or —5-V power supply, respectively. A 
GaAlAs LED serves as source. The receiver uses a silicon 
PIN photodiode as an optical detector. The design optimizes 
sensitivity for 50% duty cycle data formats and has minimal 
propagation delay for use in realtime systems. Maxlight Opti- 
cal Waveguides, Inc, PO Box 11288, Phoenix, AZ 85061. 
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“Drives perforated medis- n ith _unvarying 


MORE THAN 385 PRECISION 
SPROCKETS TO SOLVE YOUR 
FILM, TAPE AND CHART 
DRIVE PROBLEMS 


accuracy. Maintains . media - integrity. 
Standard sizes from 5mm to 105mm di- 
ameter, from 1/4” to 4;,specials to 9”. 
Aluminum, steel, stainless, and molded 
plastic. Geneva starwheel and drives. 


Vena. 4 Our catalog tells all. 
Lav. BE machine works, inc. 


900 N. Larch Ave. * Elmhurst, Ill, 60126 * (312) 832-8990 
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Stocking 
genuine DEC computer 
spares 


call 


Radgo. Radgo is stocked and staffed to help 
you with your requirements for most general pur- 
pose K&M series and many computer spare modules 
manufactured by Digital Equipment Corporation 


— at factory prices. We also 


stock a large assortment of J 
3988 McMann 


COMPUTER SUPPLIES. 
Cincinnati, Ohio 45245 


Outside Ohio: 
(800) 543-1986 


Call today: F-| 


(513) 752-6880. 
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ROLLS & 
TAPES 


for every 
ye business need 


. . . THE BEST FOR MODERN DATA 
PROCESSING EQUIPMENT 


PAPER TAPE — 7 Colors plus Black Opaque; 
Printed Top/Arrow; Oiled and Unoiled Rolls: FOLD- 
ED TAPES — For specialized applications. 
THERMAL PAPER — Rolls and Folded. Marginally 
punched and cross perforated for all types of 
printers and calculators. 

MYLAR TAPE — Paper/Mylar Laminations; Foil/ 
Mylar Laminations; Metalized Mylar. 

FOLDED LISTER PAPERS — For Digital Print-out 
Units. 

TELETYPE ROLLS: Single copy; Multi-copy Carbon 
inter-leaved and Carbonless Friction Feed Sprocket 
feed. 


CONTINUOUS TELETYPE FORMS: 814”x 11” Car- 
bon inter-leaved 1 through 6 part; Carbonless 1 
through 6 part (NCR). 


Send for Brochure 

Branch Office 

Mt. Laurel, N.J. 08054 

609 234-1276 

Branch Office 

and Warehouse 

Northfield, |i. 60093 
EASTERN SPECIALTIES COMPANY, INC. Sie: 45e-B720 


P. O. Box 350, Holyoke, Ma. 01040, Tel: 413 533-7103 
CIRCLE 100 ON INQUIRY CARD 


THE INCREDIBLE BEI — 
DIVIDED CIRCLE MACHINE 


FOR THE ULTIMATE IN ENCODER ACCURACY 


BEI accuracy begins at our code disk gen- 
erating device. The BE! Divided Circle Ma- 
chine presently attains pattern section centerline 
to centerline absolute position accuracy of better than 0.3 
second of arc! BEI’s commitment to accuracy is evident in 
every aspect of encoder design. Check these features from 
our absolute position series: Non-ambiguous code formats e 
Linear and nonlinear codes « Reference amps compensate for 
variations in temperature and supply voltage e Dual readout 
stations of Optical Resolver™ Series cancel effects of bearing 
eccentricity and shaft loading. 


BEI Electronics, Inc. 


Controls and — 7 Industrial 
Instruments Encoder 
Division Division 
Little Rock, Arkansas 
— 


1101 McAlmont Street Little Rock, AR 72203 
(501) 372-7351 TWX 910-722-7384 
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PRODUCTS 


COMMUNICATIONS PORT SHARING UNIT 


Model 2316, a rack or deskmounted assembly, provides a 
means to access up to 8 modems from 1 computer port. 
Designed for asynchronous/synchronous operation and sup- 
plied in modular form, the motherboard accepts a power 
supply unit with provision for standby, port interface unit, 
and up to 8 modem interface units. The system is intended 
for half-duplex operation; a selector switch provides speeds 
of 600/1200 baud asynchronous or 1200/2400/4800/9600 
baud synchronous. A crystal controlled clock provides the 
timing. Diagnostic indicators define the operation and con- 
trol between port and modems with external clock options. 
Each unit is self powered by 220/240 Vac, 50/6) Hz. Inter- 
face meets CCITT V.24 and RS-232-C. Lion Systems Develop- 
ments Ltd, Halifax House, Halifax Rd, High Wycombe, Bucks 
HP12 3SE, England. 

Circle 270 on Inquiry Card 


RUGGEDIZED PDP-11/34 COMPUTER SYSTEM 


PM-1150/5RP, tested and qualified to withstand shock and 
vibration typical of onboard ship or mobile carrier environ- 
ments, is packaged in a 10.5 x 19” (26.7 x 48-cm) @hassis 
equipped with heavy duty rackmount slides, dowel pin re- 
ceptacles, front retaining 
screws, reinforced cover, 
and removable air filter. 
System consists of chassis, 
heavy duty power supply, 
PDP-11/34A processor 
cards and backplane, boot- 
strap ROM loader with 
ASCII console emulator, 
parity controller, and 32k bytes of core or semiconductor 
memory. Std performance features include memory manage- 
ment, hardware multiply/divide, memory parity, multilevel 
priority interrupts, and power-fail/auto-restart. System is ex- 
pandable to 256k bytes of memory. Plessey Peripheral 
Systems, 17466 Daimler, Irvine, CA 92714. 

Circle 271 on Inquiry Card 


MINIATURE DIGITAL MULTIMETER 


Weighing <3 oz (80 g) including probe and batteries, and 
measuring 100 x 40 x 14 mm for base unit, and 100 x 20 x 
12 mm for std probe, DMM 2000 provides 4 measuring 
ranges for every mode: dc to 1 kV and ac to 700 V, ac and 
dc current to 2 A, and 
resistance to 20 MQ, with 
typ accuracy of 0.5% on 
dc range. Unit provides 
true rms measurement of 
ac range and is complete- 
ly shielded against rf and 
other types of interfer- 
ence. Permanent identifi- 
cation of measuring mode on LCD display and remote con- 
trol of measuring mode and range on the probe simplify 
operation and assure error-free readout of results. Up to 
100-h battery life is provided by 4 1.5-V watch batteries. 
Heuer Time & Electronics, 960 S Springfield Ave, Springfield, 
NJ 07081. 

Circle 272 on Inquiry Card 
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NETWORK DIAGNOSTIC CONTROLLER 


System 185 offers microprocessor based monitoring, diag- 
nostics, and comprehensive management of data communica- 
tions networks from the central site. It provides realtime 
information and status checks for a variety of malfunctions 
or abnormal conditions in data lines, modems, or terminal 
equipment, continuously monitoring all network lines with 
capability of polling up to 16 lines simultaneously. The system 
allows line and modem control and test of IBM 3600 finance 
communication loop systems using 1200- or 2400-bit/s loop 
modems, automatically notifying the central site operator of 
network problems and fault isolation at unattended remote 
sites. The unit can operate in conjunction with up to 16 
central site lines equipped with 254 devices/line. Racal-Milgo 
Information Systems, Inc, 8600 NW 41st St, Miami, FL 33166. 
Circle 273 on Inquiry Card 


CHARACTER MODE, 
INTERACTIVE CRT TERMINALS 


Teleprinter compatible 2620 series 
offer high resolution display, silent 
operation through high frequency 
scan rate, easy to use typewriter- 
like keyboard, editing capability, and 
48 lines of data storage. HP 2621 
models offer a 15.2- x 21.6-cm 
screen that displays u/Ic and con- 
trol characters. The 9 x 15 dot 
matrix character cells allow even 
complex characters to be accurately represented. Using the 
built-in 120-char/s thermal printer of the HP 2621P, the 
operator can copy the entire display memory, the screen 
display, or only selected data lines. The terminal has a data 
logging mode that provides a printed record of all inter- 
active transactions. Hewlett-Packard Co, 1507 Page Mill Rd, 
Palo Alto, CA 94304. 

Circle 274 on Inquiry Card 


SERIAL IMPACT PRINTER 


Model 5500Q Spinwriter™ plug compatible with Qume char- 
acter printers uses a character print ‘“‘Thimble’’ which con- 
tains up to 128 char. At operating speed of 55 char/s, noise 
level is 67 dB with cover removed and 60 dB with die cast 
aluminum cover installed. All components are accessible for 
service. Avg MTBF is >2000 h with corresponding MTTR of 
0.5 h. Std printer configurations are 10 or 12 char/s (3.9 or 
4.7/cm) each with proportional spacing. The unit prints 
either 136 col at 10 char/in or 163 col at 12/in. Subscripts 
and superscripts are possible as are fine line plotting and 
graphing. Positioning of 0.0083” (0.0211 cm) horizontal and 
0.021” (0.0529 cm) vertical provides 5760 plot points/in? 
(892/cm*). NEC Information Systems, Inc, 5 Militia Dr, Lexing- 
ton, MA 02173. 

Circle 275 on Inquiry Card 


Floppy Dish 


Power Supplies 


© Calcomp e Pertec 
® Century Data e Shugart 


® Persci e Wangco 
Ist Output 2nd Output 3rd Output 
Voltage | Current | Voltage | Current | Voltage | Current 


*5V [| O5AAVg| +12V |O9AAVg 2BXFD an 46 95 
0.7A Pk 1.8A Pk 


1.2A Avg | 20FD" 7950 
30a Pk 


Shading indicates output includes OVP 
“Also includes +8V @ 2A output for motor 


ALPHA 
POWER 


Ot POvVVvER SUPPLIES 


20536 PLUMMER STREET @ CHATSWORTH, CA, 91311 @ (213) 998-9873 


CIRCLE 102 ON INQUIRY CARD 


FOR AUTOMATIC INSERTION... 


Switch to KEMET 1322 a 
molded axial leaded capacitors. The 
excellent lead concentricity of the 
1322 molded part is far superior to 
epoxy back-filled parts, and elimi- 
nates high-speed automatic insertion 


problems. The high-quality 1322 [hiss enalns 

gives you same size, same function, SAiiiildiiiaiaaainamaada 

with more CV values. 0.1 to 68.0u.F-55°C to+125°C temperature 
range, 2to 50volts. For more information, write: Electronics Division, 
Union Carbide Corporation, P.O. Box 5928, Greenville, SC 29606. 
Phone: (803) 963-6300. Or see your local KEMET Representa ative. 


KEMET OFFERS YOU MORE. 


CLTimey ELECTRONICS DIVISION 
Lata ~COMPONENTS DEPARTMENT 


KEMET is a registered trademark of Union Carbide Corporation 
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PRODUCTS 


TELEPRINTER BUFFERED MEMORY BOARD 


Telebuffer 43 is a built-in memory board that combines data 
storage capacity of 16k char with editing and communications 
flexibility to support offline entry and preparation of data 
for efficient line and system utilization by users of Teletype 
model 43. Sensitive to std 
send and receive codes as 
received from downline for 
automatic send-receive 
operations, the card is com- 
pletely plug compatible with 
the model 43. The unit 
features 1200-bit/s com- 
munications capability, 
forms handling enhancements including top of forms con- 
trol and skip over perforation, control character visibility, 
automatic answer-back capability, and an optional offline 
prompt generator. Hands On Terminals Inc, 1215 SE lvon, 
Portland, OR 97202. 

Circle 276 on Inquiry Card 


SELF-SUPPORTING CONNECTORS 


A std 1010 Zebra supported by nonconductive silicone 
sponge rubber on one or both sides, the self-supporting 
connector is used where a minimum force is required. With 
the silicone sponge a large width is provided but the force 
needed for deflection is drastically reduced. The device has 


an 0.020” (0.051-cm) wide connecting element with a choice 
of 0.085, 0.115, and 0.150” (0.2°6-, 0.292- and 0.381-cm) 
sponge widths. It forms a reliable connection for larger 
LCDs to PC boards, where the bowing of the board has to 
be eliminated and where the display can be mounted flush 
to thé board with a minimum force applied. Contact spacing 
center to center is 0.040” (0.102 cm), nominal resistance is 
1050 to 6000 2, and humidity is to 100%. Technical Wire 
Products, Inc, 129 Dermody St, Cranford, NJ 07016. 

Circle 277 on Inquiry Card 


PDP-11 UNIBUS MONITOR 


Designed to aid in hardware and software debugging on 
PDP-11 based systems, monitor displays all 56 Unibus signals 
with LED indicators. Follow or hold modes are switch 
selectable on address and data lines. Hold is controlled by 
9-position function se- 
lect rotary switch. 18 
3-position address 
switches allow the 
monitor to display only 
the activity that occurs 
on a single address or 
group of addresses. 
Unibus operation may be suspended by such events as a 
memory reference, write to device register, interrupt, parity 
error, or externally supplied signal. Function select outputs 
and inputs are provided for interconnection with logic an- 
alyzers, digital counters, and oscilloscopes. The unit is 
packaged in a 5.25” (13.33-cm) high rack mountable box that 
includes power supply. Three Rivers Computer Corp, 160 N 
Craig St, Pittsburgh, PA 15213. 

Circle 278 on Inquiry Card 


High performance LEDs mounted inside keybutton give visual 
indication of function status. 10, 12, or 16 station keyboards 
easily mounted from front of panel. Square or round keys, key- 
top or overlay decal marking. Universal circuit and pin-outs 
interface with most logic. Unlighted keyboards offer same 
design advantages but without LED lighting. Low cost, depend- 
able, attractive. Wide selection of colors offer custom design at 


off-the-shelf prices. 


Single station keyswitch modules, LED or unlighted, round or 
square, provide inexpensive method of assembling custom 
layouts or short-run prototype keyboards. Mount on PC or pre- 
punched boards with holes on .100’’ centers. Optional BCD or 
hexadecimal encoder “Adder-Boards” can be added to the Low 
Profile Keyboards. Compact packaging minimizes required 


space behind the panel. 


Get the complete story now. Write for colorful descriptive 
catalog covering complete keyboard line. 


2 
| 


STACOSWITCH 


a STACO, INC. company 


1139 BAKER STREET, COSTA MESA, CALIF. 92626 
(714) 549-3041 


TWX: 910/595-1507 


Other STACO Company products: Custom Transformers, STACO, 
INCORPORATED, Richmond, Indiana; Variable Transformers, STACO, 


INCORPORATED, Dayton, Ohio 
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LITERATURE 


Power Supplies 


Features, options, illustrations, and dimen- 
sional drawings are provided in design data 
catalog for open frame, modular, and power 
card models, in addition to custom supplies. 
Power Pac Ine, South Norwalk, Conn. 
Circle 300 on Inquiry Card 


Bidirectional System Printer 


Brochure summarizes features of 180- 
char/s, logic seeking Dasher™ Lp2 printers 
with throughputs of 80 to 300 lines/min. 
Data General Corp, Westboro, Mass. 
Circle 301 on Inquiry Card 


Precision Ball Bearings 


Illustrated catalog contains tables of di- 
mensions as well as characteristics of bear- 
ings, nomenclature, key terms, and infor- 
mation on bearing types and closures. 
Barden Corp, Danbury, Conn. 

Circle 302 on Inquiry Card 


Capacitive Keyboard 


Brochure shows cutaways, basic specs, and 
options of 250M-key operation units de- 
signed to customer requirements. Digi- 
tran Co, a div of Becton, Dickinson 
and Co, Pasadena, Calif. 
Circle 303 on Inquiry Card 


Bidirectional Printer 


Available in serial and parallel interface 
models, microprocessor based, 180-char/s 
Ballistic™ printer is featured in brochure. 
Lear Siegler, Inc, Data Products Div, 
Anaheim, Calif. 

Circle 304 on Inquiry Card 


CMOS Microprocessor Products 


Covering the HM-6100 cpu, support cir- 
cuits, bus drivers, communication circuits, 
and 1/0 controllers, 36-p reference guide 
provides specs, pinouts, and features. Write 
on letterhead to Harris Semiconductor, 
a div of Harris Corp, Dept 53-035, po 
Box 883, Melbourne, Fi 32901. 


Systems Houses and 
Minicomputer OEMs 


Hardcover directory lists over 3000 systems 
houses, turnkey systems suppliers, dealers, 
and other “re-sellers’ of minicomputers, 
and features a demographic profile of the 
OEM minicomputer market. Price is $347, 
available from Sentry Publishing Div, 
Sentry Computer Services, Inc, 5 Kane 
Industrial Dr, Hudson, ma 01749. 


Rocker, Toggle, and Lever 
Operated Switches 


Catalog on expanded switch series includes 
cross-reference guide; mechanical, elec- 
trical, and materials specs; dimensions; 
and mounting and wiring diagrams. Di- 
alight, a North American Philips Co, 
Brooklyn, NY. 
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Solid-State Relays 


Catalog covers entire line of relays with 
pictures and mechanical drawings of each 
series, plus performance curves, and tables 
of electrical and general operating ratings. 
Hamlin, Inc, Lake Mills, Wis. 

Circle 306 on Inquiry Card 


MIL Approved Connectors 


“1” subminiature, pc, circular, micro- 
miniature, rack and panel, rectangular, 
underwater, hermetic, aerospace, and mod- 
ular type connectors are featured in short- 
form catalog. Souriau, Ine, Van Nuys, 
Calif. 

Circle 307 on Inquiry Card 


Optoelectronics 


Specs, outline dimension drawings, and 
photos for reflective and optical switches, 
isolators, IR LEDs, and fiber optic compo- 
nents and data systems are supplied in 
catalog. Spectronics Inc, Richardson, Tex. 
Circle 308 on Inquiry Card 


Converters and Amplifiers 


Specs on 1414-83 precision and 1430-83 
fast’ settling FET op amps, 4902-83 hybrid 
deglitcher, and 4858 video sample/hold 
amplifier, among others, are shown in cata- 
log. Teledyne Philbrick, Dedham, Mass. 
Circle 309 on Inquiry Card 


Smart Editing Terminals 


Guide covers what to look for in a smart 
CRT, summarizes major terminals on the 
market, and compares features among five 
manufacturers. EECO, Santa Ana, Calif. 
Circle 310 on Inquiry Card 


Plasma Display Units 


Separate data sheets list specs, diagrams, 
power requirements, and dimensions of ac 
driven units, available with 32- to 480- 
char display, alphanumeric or Katakana 
capability, and inherent memory function. 
Fujitsu America Inc, Chicago, IIL. 
Circle 311 on Inquiry Card 


Data Conversion Modules 


Catalog details specs and technical infor- 
mation of modules and accessory circuits, 
and devotes one section to principles of 
data acquisition and conversion. Datel 
Systems, Inc, Canton, Mass. 

Circle 312 on Inquiry Card 


Submodular Power Supply 


Block diagrams, performance specs, out- 
line drawings, and emi and holdover stor- 
age data for 22 models of 50- to 300-W 
single- and triple-output switchers are 
furnished in brochure. ACDC Electronics, 
Oceanside, Calif. 

Circle 313 on Inquiry Card 


DC Switching Power Supplies 


The 69 models, including ssp series rated 
at 1.8 to 56 V and stm series rated from 
3 to 56 V, are profiled in 8-p brochure. 
Sorensen Co, Manchester, NH. 

Circle 314 on Inquiry Card 


Bipolar LSIs 


Sections on P/ROMs, ROMs, character gen- 
erators, RAMs, programmable logic, Lstr 
logic, arithmetic elements, and interface 
are cataloged in data book. Monolithic 
Memories, Inc, Sunnyvale, Calif. 

Circle 315 on Inquiry Card 


Synchronous Modems 


Data sheets describe models tps 309 and 
Los 404-B which transmit data at speeds 
up to 19.2k and 4800 bits/s, respectively. 
Gandalf Data Inc, Wheeling, Ill. 

Circle 316 on Inquiry Card 


Industrial Power Supplies 


Six-page technical selector guide lists dc 
power supplies for computers and periph- 
erals, telecommunications equipment, and 
instruments, along with specs, sizes, and 
weights for over 200 models. Standard 
Power, Inc, Santa Ana, Calif. 

Circle 317 on Inquiry Card 


Factory Computer Applications 


Brochure containing eight data sheets out- 
lines how modular system sAFES can be 
used for inventory control; for factory 
costing, documentation, and loading; and 
as a production planning system. ICL, 
Inc, East Brunswick, NJ. 

Circle 318 on Inquiry Card 
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NOTE: The number associated with each item in this guide indicates 
the page on which the item appears—not the reader service number. 
Please do not circle the page number on the reader service card. 
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MATERIALS 
INSULATING MATERIALS AND FORMS 


Heat Sink Insulators 
BOrgQgelet x scscicccssvcssecasscenacsoasanecvapeievascceceassiseee 176 


MAGNETIC MATERIALS AND FORMS 


Magnetic Materials 
Permag . 


OTHER MATERIALS 


Quartz Crystals 
Bulova Watch/Electronics .........:cssee 174 
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HARDWARE 


COMPONENT PACKAGES 


Quad-Inline Package 
3M/Electronic Products and Intel ........ 158 


CONNECTORS AND INTERCONNECTION 
SYSTEMS 


PC Connectors 


Amerace/Control Products oo... 165 
Fiber Optic Connectors 

Trompeter ElectromicsS — ...cssssscscsssssssssseeees 173 
Connectors 

Scanbe/Zero 


Technical Wire Products 


HEAT SINKS 
Heat Sinks 

International Electronic Research ............ 175 
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Fiber Optic Cable 
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Capacitors 
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Filters 
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DC Motors 
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PHOTODEVICES; PHOTODEVICE ASSEMBLIES 
Fiber Optics Sensor 

ORCON | sctisesseacinscpnincnatescccersnnansierndins 178 
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Electro-Optic Devices 
Fiber Optic Source/Detector Assemblies 
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POWER SOURCES, PROTECTORS, 
AND REGULATORS 


Power Supplies 
acde electronics ... 


Alpha Power 183 
Etatech .......... wee 43 
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Power-One 7 
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Instrument Switch 
A.D. Data Systems . 


CIRCUITS 
ARITHMETIC CIRCUITS 
LSI Multipliers 
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DIGITAL AND INTERFACE 
INTEGRATED CIRCUITS 
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Logic Circuits 
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Schottky TTL ICs PAGE 

Fairchild Semiconductor ... 76, 156 
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P/ROM 
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Microprocessor Family 
Advanced Micro Devices 
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Single-Chip Microcomputers 
Motorola Semiconductor Products/ 

Integrated Circuits 
NEC Microcomputers 
Rockwell International/ 


Microelectronic Devices ..........cssese 131 
Single-Chip Microcontrollers 
National SEMICOMAGUCtOF oo... ecssesesereeseneeeees 130 
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Advanced ‘Micro Devices 
Analog Devices .... 
Datel Systems . 
Teledyne Philbrick .. 


A-D Converter ICs 


National Semiconductor  ...cssccseseseserseseeeeee 152 
A-D Converter Chip System 

Texas: Instruments .cccscscscscssncenicrac 160 
LINEAR INTEGRATED CIRCUITS 
FET Op Amps 

AMalOg DeVICES  ......ssssssscsversssseersssssenseesseees 162 


MEMORY/STORAGE EQUIPMENT 
BUFFER MEMORIES 
Teleprinter Buffered Memory 


Hands On Terminals  ......cccsseccsseresercseeeeees 184 
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FLEXIBLE DISC UNITS 


Flexible Disc Systems 
Computer Technology ... 
Data Systems Design . 
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Disc Systems 
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P/ROM 
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Optical Badge Reader 
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COMPUTER PERIPHERALS 


Militarized Computer Peripherals 
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DATA TERMINALS 
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Teleprinters 
Diablo/Xerox .. 
Teletype 

Teleprinter Buffered Memory 
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Color Graphic Display System 
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Aydin Controls 


Graphic Display Terminals 
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DGANZa SYStOMS  seassarcsssssdssccecdsssscisissssssensd 172 
Touch Screen Digitizer 

MeQRdata  casimangaiimaieniniimammane 180 


INTERFACE EQUIPMENT; CONTROLLERS 
Data Bus Structure 


PHO-LOG Bd IMOSLAK cssivvsccsccscsvisciosovertssernes 114 
Interface Boards 
Forethought Products 134 


MDB Systems 
Printer/Plotter Interface 

Megatek 
1/O Controller 

Modular Computer Systems .........cceeeeesees 170 


Analog I/O Boards 
Burr-Brown Research . 
Datel Systems 


Tape and Disc Controllers 


175 
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«134 


DRtOEAM ssissesiiccssccassievsseanssvrstiaaseatinaieiainn 95 
Western Peripherals/ 
WESPERCORP cisiccsssssssssssiccccsccssiegcie Cover II 


Disc Controller 
Advanced Electronics Design .... 


Disc Drive Controller/Formatter 


(RISIPHESE  simiiadiirininamnnaniiacennes 140 
Memory Controller Chips 
Motorola Semiconductor Products. ........ 156 


KEYBOARD EQUIPMENT 
Lighted Keyboards 


SUACOSWHEN  caissicssereisesscasieiescnccssavesscossasersasevese 184 
Keyswitches 
Fujitsu America/Component Sales. ........ 171 


PLOTTING EQUIPMENT 
Digital Plotters 
Houston Instrument/Bausch and 
BOMG siscctisiaimncnminininnanan Cover Ill 


PRINTER/PLOTTERS 


Printer/ Plotter 
Versatec 
Printer/Plotter Interface 
MGQGIGK scisssssssciiaciecccvstsieseseacsacscnsssccqtctaasassiases 175 


PRINTING EQUIPMENT 


Printers 
Dataprinter 
C. Itoh Electronics 
Microdata i 
NEC Information Systems . 
Tally 

Line Printers 
Anadex 
Okidata .... 

Forms Printer 
Practical Automation .......ccccccsecsesceseeeeseeees 128 


Label Printer/Applicator 
MAIKBIN stcnciniensieypuimanioimsanets 168 


Thermal Printhead 
Gulton Industries/Hybrid Microcircuit ....173 


PUNCH CARD EQUIPMENT 
Card Readers 


MICKOPIO!  cpescississusncascensvsncesecsasrpaneeeansenerecesnipnn 168 
Optical Card Reader 
THEMIEUED a sccasnscscsnarsceaitannuaesasaeoavshscanennascunsypsGentene 170 


PUNCHED TAPE EQUIPMENT 


Tape Reader/Punch 
Sweda International/OEM Products ........ 171 


COMPUTERS AND 
COMPUTER SYSTEMS 

BUSINESS COMPUTERS 
Business Computer 

BAREIS VE siacaraneccexia cassia tasascispesieoaditapaseseadionsersee 140 
COMPUTER AUXILIARY UNITS 
Array Processor 

Floating Point Systems ...............cccccccee 51 
MICROCOMPUTERS AND 
MICROPROCESSORS 


Microprocessor Family 
Advanced Micro Devices 
TORE sessssnsenencscsepsneceninnanonsicyae 
Texas Instruments Supply .. 


(Continued on page 188) 
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A new, low cost, 
color graphics 
display generator 


It’s all in the keyboard 


A complete high performance, graphics 
display generator using your monitor 
or ours. 


AYDIN CONTROLS’ new Model 5217 Keyboard 
Generator has it allinthe case —dual asynchronous 
RS232C interface (to 25K Baud), power supply, a 
complete single channel display generator and of 
course the keyboard! 

Outstanding user features incorporated into 
AYDIN’S new keyboard generator include: 
- 55 user defined special function keys 
- 256 different character/graphic symbols in two 
different sizes. All can be user defined 
- 256 programmable computer only tabs 
- Integral light pen requiring no software support 
- Stores up to 4 separate display pages of 80 
characters per line with 48 lines per page 
- Complete edit capability 
- Powerful communication codes 
- Separate control by character of color (1 of 8 
colors), blink, protect, intensity, size and normal 
or inverse video 
- Red, blue and green video outputs for color, 
and separate video output for monochrome 
The Model 5217 low cost keyboard generator, 
is software compatible with AYDINCONTROLS' high 
communications speed (up to 600K bytes/sec.) 
multi-channel Model 5215 color graphics display 
generator. Now you have a choice—the 5217 for 
small systems and remote applications or the 5215 
for large system applications. 
Interested in how we can pack all this perform- 
ance into a keyboard case? Call or write us today 
—we'll let you in on it. 


AYDINE 
D4 controts 


One source for all your CRT display requirements 


414 Commerce Drive * Fort Washington, Pa. 19034 
Phone (215) 542-7800 = TWX (510) 661-0518 


Single-Chip Microcontrollers 
National Semiconductor ......ccscsesscseesesssees 130 
Single-Chip Microcomputers 
Motorola Semiconductor Products/ 
Integrated Circuit .... 
NEC Microcomputers .. 
Rockwell International/ 
Microelectronic Devices ... 
Microcomputer Modules 
Motorola Semiconductor Products .. 
Plessey Microsystems .... 
Rockwell International/ 
Electronic Devices ...scssssescssesrsssssssessseee 136 


RT - 11* and CTS - 300* Real-Time Microcomputer 7 


Computer Products 
TIME SHARING Portable Microcomputer 
Digital Equipment/ 
— Supports RT-11 VO2 and VO3. Laboratory Data Products ... 
— Handles up to ten terminals. Durango Systems 
— Runs on any PDP-11 with 20k words, program swapping disk, and line Micro Development Systems 
frequency clock. Advanced Micro Computers ... 
— Supports FORTRAN, MACRO, BASIC, DIBOL, LINK, PIP, and EDIT. Intelligent Systems .............00 
— Automatic spooling to line printers. Microcomputer Development Systems 
- DL11, DLV11, and D211 support. Futuredata 
— Command file capability. Process Computer Systems ... 
— Virtual time-sharing lines allow one terminal to control multiple jobs. Microcomputer Design Kit 
— Optional log-on facility. Intel 
— User accounting. 
— Device/file protection. 


PRI VO  esasan sec ceapracscacsvesoresapisonsevabanisoneesreniioviyi send 
Motorola Semiconductor Products 


Microcomputer Software 
Panatec sesabaconaeaieaia® 
Processor Innovations 

Microprocessor Software 
Daritt MOCO OEY sscrescsiteccscccccascescsvacsssanstcccine 120 
Motorola Semiconductor Products/ 

Micro Systems 


IMMEDIATE DELIVERY 
$1275 distributed on floppy disk. 
$1375 distributed on RKO5 cartridge. 


s &h computer leasing, inc. *Trademark of 
suite 222 Digital Equipment Corporation 


4004 hillsbororoad _ Technical Systems Consultants .. 
nashville, tennessee 37215 MINICOMPUTERS; SMALL- AND 
(615) 385-3875 MEDIUM-SCALE COMPUTERS 


Minicomputers 
Perkin-Elmer/Interdata 
Systems Engineering Laboratories 


Ruggedized Computer System 
Plessey Peripheral SysteMS  .......scccseee 182 
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Realtime Microcomputer 
Computer Products 


Automatic Test Equipment Lorene sigg 


Nicolet Scientific .........sccssssssssseseseeeeeeees 176 


DATA COMMUNICATIONS EQUIPMENT 


COMMUNICATIONS CHIPS 


Codec Chip 
SlQIONS: sracisissescsasqoneamiesnnerienimeomuny 158 


COMMUNICATIONS INTERFACES 


Communications Port Sharing Unit 
Lion Systems Developments ......ccccsses 182 


COMMUNICATIONS MONITORS 


Communications Monitor 
Dynatech Data Systems ......cssesesseeserseeees 170 


COMMUNICATIONS MULTIPLEXERS 


Programmable Multiplexer 
Able Computer Technology  .....ccceee 180 


COMMUNICATIONS SYSTEMS 
Network Diagnostic Controller 


Racal-Milgo Information Systems .......... 183 
DATA COMMUNICATIONS TEST EQUIPMENT 
From a long history of reliable switching systems, A.D. Data Systems offers Communications Equipment Tester 
the most versatile method of switching stimuli and measuring instruments for International Data Sciences .. 
automatic test equipment. DATA TRANSMISSION EQUIPMENT 
Fiber Optic Transmitter and Receiver 
FEATURES : . : borer Maxlight Optical Waveguides  .........006 181 
* |EEE 488 Compatible. Matrix Configuration Flexibility. Industrial Optical Data Link 
* 16 Bit Computer I/O Control. High Frequency Signal Switching. REIT GK: ssc cios sevncicctrnsaxccontrcaminncbctunsiasesdeacisnicinnd 169 
* Microprocessor Control. Power Switching. MODEMS; DATA SETS 
* Expandable From 20 to 1000 Low Level Switching. DataModeme 
crosspoints. Anderson Jacobson .... 


Omnitec Data 


For further information and a solution to your switching problems, 
contact: 


A D D S DATA ACQUISITION 
. ° ‘ATA YSTEMS, INC AND CONTROL EQUIPMENT 
200 COMMERCE DR. ¢ ROCHESTER, N.Y. 14623 A-D AND D-A CONVERTERS 


PHONE 716-334-9649 © TWX 510-253-3246 D-A Converter ICs 
Advanced Micro Devices... 150 
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Analog Devices .. 
Datel Systems ..... 
Harris Semiconductor . 
Teledyne Philbrick 


A-D ‘Converter ICs 


National Se@MicOMAuUctOr  cisesccsssesererereeee 152 
A-D Converter Chip System 
TOXGS, INSEFUMONES: .....cccccsecconssesseccersesecescseess 160 


ANGLE AND POSITION ENCODERS 


Optical Encoder 
BE] Electronics. ........ccccsssssssssssosccscocesscssccee 182 


DATA ACQUISITION SYSTEMS 
Data Acquisition Systems 


DOG: sisvcssacsscassssctssivianviisounianticrasinesusnetavidunieders 181 
Data Acquisition Modules 

Data Translation .....cssscssseseeesessesseeeeeeeseere 177 
DATA TRANSFER AND INTERFACE 
EQUIPMENT 
Analog I/O Boards 

Burr-Brown ReSCAICH  wiscsssssssssseseeresesseseneeee 134 


Datel Syeteme) ssssccscsssiesscscsccssisecsescdeessaacnssanse 134 
Frequency Synthesizer Interface 

Rockland SysteMs  ...cccccssecscessesesscersereenere 174 
MONITORING AND CONTROL EQUIPMENT 


Realtime Measurement/Control System 
Analog Devices/ Instruments 
BC SYRtO Ms: sscssssssstiesiescsscasacssgsesssssesesciers 164 


TEST AND MEASUREMENT 
EQUIPMENT; INSTRUMENTATION 
COUNTERS; TIMERS 
Programmable Remote Time Display 
RMOROM:  sssvesssvessesserssensiseeresvenastnccispnenivenceicasbinets 179 
DATA GENERATORS 


Baud Rate Generator 
California Data ......csssccsssssssssssssesesessseessenes 177 


Clock Generators 
Tau-Tron 


DIGITAL EQUIPMENT TESTERS 
Logic Test Equipment 


Hewlett-Packard  ..........cccssesessessreseneeee 100, 101 
Logic Board Tester 

Hewlett-Packard .......ccccccscssessessesesencenenteeeeenee 62 
LSI Board Tester 

DOE UMIND 5s sascstesasacssssascssnsacssnsssaamnstviemancteese 20, 21 
Unibus Monitor 

Three Rivers COMPUter .....csssscsecersseeereees 184 


FUNCTION GENERATORS AND SYNTHESIZERS 


Frequency Source 
Berkeley Nucleonics 


Frequency Svnthesizer Interface 
Rockland SySteMs .......ccsssesssssseesssssnserecereees 174 


INSTRUMENTATION RECORDERS 
Sequence-of-Events Recorders 


Dranetz Engineering Laboratories .......... 171 
METERS 
Miniature Digital Multimeter 

Heuer Time and Electronics ....sssseeseeeee 182 


OTHER TEST AND MEASUREMENT EQUIPMENT 
PC Board In-Circuit Test System 


MOMDIAIN  cncesicscsisssvessessssssecescresssscesoesvsavseresene 169 
Spectrum Analyzer 

Spectral DyMaMics  ...ccsssscescercssssesssseceesees 175 
FFT Analyzer Option 

Nicolet SCION ccccicsccscacsatsssecsiscavecscescececess 176 
Test Probe 

VIZ Test Instruments/VIZ Mfg. ccc 179 


OTHER PRODUCTS; SERVICES 
EDP ACCESSORIES AND SUPPLIES 


Rolls and Tapes 
Eastern Specialties .........cccsscsssscsseeseseenee 182 


Data Security Modules 
Motorola Government Electronics ........ 97 


Video Intrusion Detector 
VIBBO WOR) avsissssscccssctccessevscrcsrnscrsconiossertanausa 173 


Modular Desks 
Scientific-Atlanta/Optima ......ccsesseeseeseeeee 176 
EDUCATION 


Seminars 
Integrated Computer Systems ... 


PAGE 


EMPLOYMENT OPPORTUNITIES 
Employment Opportunity 


Litton SysteMs/AMECOMN  .......:.scssesscsseseersees 189 
EQUIPMENT BUYING, SELLING, AND LEASING 
Distributor 

Radgo ..... 


MARKET REPORTS 


Market Reports 
Frost and Sullivan ........cccccscssessssssseseseeserseee 190 


OTHER NONDIGITAL PRODUCTS 


Z Users Group 
MO (Ds RONG: sitesssscsiaccrasssssscassassssesssncecneng 118 


PRODUCTION AND ASSEMBLY EQUIPMENT 
Wire-Wrapping Tools 


Vector BlOCtronles. .....iccsssccscsssceccsssesescasscseee 172 
PUBLICATIONS 
Books 
Blacksburg Continuing Education 
Series +161 


Van Nostrand Reinhold 


SOFTWARE 


Software 
S & H Computer Leasing .........ccccsseseee 188 


Software Systems 
Advanced Computer Techniques ........... 168 
Microcomputer Software 
Panatec 
Processor Innovations ... 


Microprocessor Software 
Dann McCreary .... 
(Motorola Semicondu 

Micro Systems 
Technical Systems Consultants .... 

Assembler 
Step Engime@ering  ....cscsccscccssesscessesssssessensees 173 

Disc Operating Systems 
IMSAI Manufacturing 
Vector Graphic 

Interactive Graphics Operating System 
Computervision 


including salary history to: 


Major NEW Avionics ESM programs with production 
follow-on to provide systems operating capability 
through the year 2000 requiring state-of-the-art 
development of multifunction distributed 
microprocessors, now provide innovative engineers with 
an ideal new career opportunity. 


AMECOM has an immediate need for: 


Six (6) MICROPROCESSOR DESIGN/ 
DEVELOPMENT ENGINEERS 


Ten (10) REAL-TIME ELECTRONIC WARFARE 
SOFTWARE ENGINEERS 


These positions range from Member of the Technical 
Staff to Senior Scientist with salaries to $35,000. 


If this sounds like the opportunity you have been waiting 
for, we urge you to call COLLECT or send your resume 


PHILIP T. FOSTER 
(301) 864-5600 


Amecom is located in a pleasant Maryland suburb with 
your choice of city, country, mountain or water living, 
close to the Nation's Capital and five major universities. 


Amecom Division 


LITTON 
SYSTEMS, INC. 


5115 Calvert Rd., College Park, Md. 20740 
An Equal Opportunity Employer M/F/H 
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No Frills Color. Just the basics. If you're a black and white 
terminal manufacturer, the Intecolor 843 is all you need to 
upgrade your terminals to color. 

It consists of an 8-color, 13" CRT, plus a special Analog 
Module System with all the circuitry necessary to perform deflec- 
tion and video drive functions for the CRT. The completely self- 
contained circuitry is on a single printed wiring board which also 
generates the low voltage, high voltage and CRT bias, mounted 
on a sturdy aluminum frame for heat sinking the power transistors 
needed for the circuitry. 

With our Nine Sector Convergence System, perfect color 
registration takes only three to five minutes. And this convenient 
control panel can be located anywhere for easy access. 

Available in standard 262 Raster line or 400 Raster line high 
scan versions. If you're ready to upgrade to a color line, call 
800/241-9699 toll-free for a demonstration. (In Georgia, call 
404/449-5961.) 


sere oon Ve 


5965 Peachtree Corners East/Norcross, Georgia 300741 
Telephone 404/449-5961 TWX: 810-766-1581 
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THE PROCESS CONTROL 
EQUIPMENT MARKET 


Frost & Sullivan has completed a 230-page 
analysis and forecast of the process control 
market through 1986 by product and by end user. 
Market shares are established both by product 
and company, company profiles are supplied, 
product lines are described in detail, and a 
technology assessment is provided. U.S. pene- 
tration into export markets is also examined. 
Primary sources of information included inter- 
views with endusers regarding current usage 
patterns and perceived trends; engineering con- 
tractors concerning PCE acquisitions; equipment 
and supplier evaluations; process equipment 
manufacturers regarding the impact of new in- 
strumentation in equipment design; PCE suppli- 
ers on market statistics, market prospects, com- 
petition, strategies and product plans; profes- 
sional and trade associations. 


Price $800. Send your check or we will bill you. 
For free descriptive literature plus a detailed 
Table of Contents contact: 


FROST & SULLIVAN, INC. 
= 106 Fulton Street 
7 New York, New York 10038 
(212) 233-1080 
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When nobody's got 
just what you need in 
Magnetic Materials. 


In stock. Off-the-shelf. 24-hour 
delivery. Grinding to your prints 
Engineering assistance. Fabricating 
facilities. In addition, PERMAG has 
exotic, exclusive hard-to-get items. 
Complete facilities for measuring. 
testing, and producing special 
materials. 8 modern plants stocked, 
staffed, and equipped to meet your 
every requirement 

Write for new catalog. 


IN THE MAGNETIC FIELD 
PERMAG IS NO. 1. 


yOua NO. 1 SOURC 
FOR ALL MAGNETIC MATERIALS 


Consult your Yellow Pages for 
address and telephone number 
“*) of Permag near you 


oe 


ACROSS THE COUNTRY 


ALL 
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Buzzzz. 
(Write for new catalog.) 


Solid state electronic MICRO-BUZZER from 
CITIZEN: High reliability, competitively 
priced with immediate delivery. 

Acomplete range: SMB 1.5, 6, 12, 24, VDC 


RMB 3, 6, 12, 24, VOC 
IMB (intermittent) 6, 12, VOC 


CITIZEN AMERICA Name 


CORPORATION 
: 710- gand St. Company 
anta Monica, 
CA 90404 Address 
Toll Free (800) 421-6516 City State 
In Calif. (213) 829-3541 
TWX: (910) 343-6450 Zip Phone 
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Grayhill puts the seal 
on Rocker DIP Switch 
customer satisfaction 


LS 


capability now available 
including a sealed base 
without price premium 


The Grayhill DIP switch now 
has another important dif- 
ference: each SPST switch is 
potted as part of the assem- 
bly process, to provide a 
more professional and eco- 
nomical bottom seal, with 
maximum seal integrity. Flux 
entry during wave soldering 
is totally prevented; contam- 
ination is eliminated; relia- 
bility is enhanced; and 
prices are unchanged... 
there is no cost premium for 
this improved performance 
on our regular SPST rocker 
DIP switch line. 


Grayhill also offers 3 top- 
side sealing options, for 
raised or recessed rockers— 
a tape seal, applied at Gray- 
hill; cards of tape seals, for 
your application; or re-us- 
able protective covers. 


Grayhill Sealed Base Rocker 
DIP Switches are available 
SPST, from 2 to 10 rockers, 
off-the-shelf, from Grayhill or 
its nationwide distributor 
network. Detailed informa- 
tion in Bulletin #288, free 
from Grayhill. 


TOTAL SEAL 
DIP SWITCH 


1d Adequate 


561 Hillgrove Ave. > La Grange, Illinois 60525 
(312) 354-1040 
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SALES OFFICES 


NEW ENGLAND, 
NEW YORK STATE 


Lindsay H. Caldwell 
129 Cedar Hill Road 
East Dennis, MA 02641 
phone: (617) 385-2533 


MIDDLE AND SOUTH 
ATLANTIC STATES 


Hajar Assoc., Inc. 
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piro 

International Industrial Computer Sys- 
tems Workshop Summary .......-.----- 


Learning Networks Improve Com- 
puter-Aided Prediction and Con- 
trol, R. L. Barron 

Microcomputer Controls Eye's Focus 
and Measures Refractive Error .... 

Microcomputers Replace Gas Station 
Attendants 


Microprocessors and LSI Devices Are 
Prime Contributors to Design of 
Automatic Bowling Scorer .......-.-.... 

Microprogramming Simplifies Control 
System Design, R. Kenny -.............-- 

The Mini: Efficient Alternative to 
Large Computer Control, S. Gaal _. 


Minicomputer Control Eases Map- 
making Tedium 2. 2.2---eeeseneoe 


1974 International Machine Tool 
Show, In Retrospect ......----..--------- 
Professional Group Conference 
Stresses Microprocessor Applica- 
tions for Process Control, S. F. 
SNESIFO! cecccenccedcessnareranuctcceardsnasentens 
The Role of Microcomputers in Ro- 
botics, K. Goksel and E. A. Par- 
PASHAN chun cscnacrcn cantocinaoeoenirhcenaade ee 
Self-Checking Tandem Minicomputers 
Maintain Security System in High- 
Rise Office Building 
Social/Economic/Governmental Con- 
siderations of Automation, S. F. 
Shapiro 
Television Network Automated by 
Minicomputer-Controlled Channels 
Training Lab Doubles as Control Sys- 
tem Breadboarding Unit 


DATA COMMUNICATIONS 


Data Transmission 

Code Conversion Techniques for Dig- 
ital Transmission, $. Ghosh 

Data Compaction in Computer Sys- 
tems, Y. Dishon ............---------2-2-------- 

Hardware Considerations for High 
Level Data Link Control Communi- 
cations, S. B. Cooper 

Improved CRC Technique Detects 
Leading and Trailing O's in Trans- 
mitted Data Blocks, H. C. McKee -. 

Integrating Medium Speed Modems 
Into Communications Networks, 
K. Krechmer 


5-YEAR INDEX 


Nov 


Apr 


Aug 


Apr 


Mar 


Oct 


76, 


15; 


78, 


rae 


p 


78 


122 


50 


50 


50 


65 
64 


57 


50 


96 


46 


56 


46 


84 


56 


42 


50 
50 


50 


103 


85 


8] 


102 


101 


Serial Communication Protocol Sim- 
plifies Data Transmission and Veri- 
fication, J. G. Fletcher 

Two-Step Procedure Improves CRC 
Mechanism, P. J. Fortune 

Interfaces 


Computer Interface-Timing Control 
Logic, T. O. Anderson _......---- 


Data Transfer with ASCII Eliminates 
Computer Interface Problem, W. 
SEX | =| 


Design Constraints for a UART-Based 
Minicomputer Communications I|n- 
terface, A. Hirsch 

Multiplexers 

An Asynchronous Time-Division Multi- 
plexing System, C. T. Pardoe and 
R. L. Appel 

Dynamic Multiplexing Applications, 
J. E. Buckley 

Multiplexer System Reduces Cost of 
Terminal Interfacing, A. Lesea and 
IN: MURR EN sccecererescccecsesccasecbeecexs 

A Time Division Multiple Access Sys- 
tem for Digital Communication, 
D. G. Willard 

Networks 

Computerized Voice Network Con- 
trol, J. E. Buckley 2.02222 

Data Network Response, J. E. Buckley 

Functional Approach to Information 
Network Design, H. B. Becker ...... 

Intelligent Networks, J. E. Buckley .... 

Microcomputers Decentralize Process- 


ing in Data Communications Net- 
work, D. J. Mueller 22.2... 


Network Design Criteria, J. E. Buck- 


HOM csstereeas yee ee a ee etd 
Network Node Criteria, J. E. Buckley 


A New Approach to Network Stor- 
age Management, J. E. Thornton, 
et al 

sai Business Systems, J. E. Buck- 
ee ee ee eee er ee ee 

Shared User Networks, J. E. Buckley 

Regulations 

Certification 1977, J. E. Buckley ........ 

Certification Update, J .E. Buckley 

Communication Act of 1978, J. E. 
Tt | a oes 

Implication of the Communications 
Reform Act, J. E. Buckley -........... 

Interconnection Certification, J. E. 
BUCKOY: geereacwsiecvennt eniuianists 

1956 Consent Decree—History and 
Implications, J. E. Buckley —.......... 

Private Line Tariff Revisions, J. E. 
Buckley 


Services 

AT&T's Digital Transmission Service, 
J. E. Buckley 

Competitive Dialed Services, J. E. 
Buckley 


Data Communications Consultants, J. 
E. Buckley 


Dec 


76, 


ra 


77 


120 


96 


74 


167 


A5 


In-WATS System Access, J. E. 
Buckigy: 2.2552 oo eg 


Leased Communications Services, J. 
E. Buckley 
Possible 1977 WATS, J. E. Buckley -. 


Ramifications of the Revised WATS 
Tariff, J. E. Buckley 


Switched Communications Services, 


Js, Ese BUG Oy cetaceans 


Switched Network Service Alterna- 
tives; Ji EF Buckley: 22.2. 


Trans-Canada Datapac, J. E. Buckley 


Unbundled Communications Services, 
J ED BUCK OY 2. cho-<ccecncctccennnceiceaensecee 


WATS Past and Present, J. E. Buckley 


Software 
Communications Software: Applica- 
tion Overview, J. E. Buckley 
Communications Software: Functional 
Considerations, J. E. Buckley 


Systems 
Communication System Security, J. 
E. Buckley 
Computerized PBX Systems, J. E. 
oe oan ae te 
Multi-Vendor Information Systems, 
Sy Ep BUCKO Vine see theta ce ee 
Packet Switching, J. E. Buckley 
"Pacuit'' Switching Combines Two 
Techniques in One Network, J. de 
Smet and R. W. Sanders 
Programmable Multiline Communica- 
tions Processor Provides Front-End 
Flexibility, K. T. Coit 
Remote Memory Systems and Appli- 
cations, J. E. Buckley 
Wideband Communication System 
Improves Response Times, J. F. 
Wanner 


Test 
Imp'ementation of a Parallel Cyclic 
Redundancy Check Generator, K. 
IM; Hel ess 7st eee ee 
Telecommunications Diagnostics, J. E. 
Buckley 
Telecommunications Systems 
surements, J. E. Buckley 


General 
Asynchronous Timing Error Charac- 
teristics; J, 'E.. Buckley <.i2. 2. 
Automatic Dialing for Computer 
Communications, T. J. McShane -. 
Communications Code Compatibility, 
J. E. Buckley 
Communications Conference Shows 
Impact of Digital Technology 
Communications Traffic Analysis, J. 
E. Buckley 
Computer-Aided Network Design, J. 
E}. Buckley) .2.225 1 es es 
Computer Communications Inquiry, 


J. E. Buckley 


A6 


Mar 
July 
June 


Apr 
Apr 


July 
Feb 


Sept 


Oct 


Mar 


Feb 


p 


p 


p 


Continuous-Phase Frequency-Shift- 
Keyed Generator, NASA 


Design Technique for a Near-Field 


Communication System, A. A. 
SITES GE eS -ccte ee ee 
Dialed Digital Data Channels, J. E. 
Buckley 2.27... eee oe, 


Domestic Communications Satellite 
System, J. E. Buckley 


Generation of Key in Cryptographic 
System for Secure Communica- 
tions, NASA 

High Speed Data Word Monitor, 
NASA 


IBM Protocolsk—Part |: BSC, J. E. 
Buckley 
Part 2: SDLC, J. E. Buckley 


Information Systems Review—And 
Epilogue, J. E. Buckley 


Local Modems, J. E. Buckley ........ 
Local System Access, J. E. Buckley 


Management Automation Applica- 
Fions, J. E.. Buckley? <2. ccecewe 


Manchester Transition Tracking Loop, 
NASA 
Microcomputer 
BUGKION) sexcceeccjeetee eee 
Non-Communications Programming 
Acronyms, J. E. Buckley 
Office Automation, J. E. Buckley ...... 


Remote Batch vs Interactive Process- 
ing), J Ex Buckley’ 22 eee aone: 


Remote Data Terminal Selection, J. 
FM BUCKIOY tccve date et ee ee 


Synchronous Timing Error Character- 
isties, Ji. E Buckley: «228 set. 


System Environmental Factors, J. E. 
III ccecaocrecadepanime ema aide 


System Installation Criteria, J. E. 
BUGGY? ecko ak coe et ee ec 


Telephone Controllers, J. E. Buckley 
Terminal Storage Systems, J. E. 
BUGKISY, <font eed 
Terminals: Human Factor Consider- 
ations, J. E. Buckley 


Seve ewes esa secek eeu aeeesesbaqeseesesssuncs 


Converter, J. E. 


DIGITAL CIRCUITS 


Arithmetic 


External Arithmetic Processors, S. 
SHRUTI esceceeoeceene ang a ee 


A Multivibrator Using RC-Coupled 
Cascade Stages as a Ring Counter, 
S. Chang and P.-L. Lam ..............-- 


Operation of Programmable Fre- 
quency Dividers, A. C. Erdman .... 

State-of-the-Art in High Speed Arith- 
metic Integrated Circuits, S. Waser 

Custom Circuits 

Custom Integrated Circuits: A Viable 
Alternative for Low to Intermediate 
Volume Applications, E. R. Garen 

Semicustom Integrated Circuits—The 
Do-It-Yourself LSI Chips, E. R. 
GalGN) cere en ee ate ees 


VI 


p 118 


p 114 


p I10 


p 156 


p 148 


COMPUTER DESIGN/DECEMBER 1978 


Memory 
Designing Minicomputer Memory Sys- 
tems with 4-Kilobit n-MOS Mem- 
ories, D. Brunner 
Magnetic Bubble Memory Devices 
and Applications, E. R. Garen .... 
Multiple-Word Buffering for Disc 
Controllers with Bipolar FIFO Mem- 
ory, K. Rallapalli 
Using p/ROMs as Logic Elements, 
D. C. Wyland 


Technologies 


Advances in CMOS Device Tech- 
nology, A. Nguyen-Huu 


Charge-Transfer Devices—Part |: The 
Technologies, E. R. Garen 
Part 2: CCD Memories, 
Garen 
Part 3: Diverse Uses of CTDs for 
Analog, Digital, and Optical Ap- 
plications, E. R. Garen 

CMOS on Sapphire, S. Smith and 
E. R. Garen 


Integrated Injection Logic—A Tech- 
nology Status Report, E. R. Garen 
Technology Status Report on Recent 
NMOS Processes, S$. Smith and 
[Eee es 1c | ne ee eee nee ee 


General 


Digital Second-Order Phase-Locked 
Loop, NASA ; 
DMA Controller Capitalizes on Clock 
Cycles to Bypass CPU, J. Nissim .. 
Have the LSI Parts You Buy Been 
Thoroughly Tested? E. R. Garen .. 
A Hybrid General-Purpose Bit Syn- 
chronizer, NASA 
Impact of LSI on Terminal Architec- 
ture, P. G. Cook and T. B. Cheek 
The Impact of VLSI Upon Computer 
Architecture, S. Smith and E. R. 
Garen 
A Low Cost, Crystal-Controlled Os- 
cillator Design, R. A. Mancini 
Master Calendar-Clock Serves Multi- 
ple Minicomputers, R. Piankian .... 
Monolithic Data Conversion Devices 
—Part |: Digital-to-Analog Con- 
verters, E. R. Garen, et al 
Part 2: Analog-to-Digital Convert- 
ers, E. R. Garen 
Part 3: Auxiliary Integrated Cir- 
cuits, E. R. Garen 
Monolithic Processors, H. Schmid .... 
Synchronizer for Random Binary Data, 
NASA 


ER. 


Bah ecntenacenenanpensectsesess 


Using a Calculator Chip to Extend a 
Microprocessor's Capabilities; P. 
H. Stakem 

VMOS Peripheral Drivers Solve High 
Power Load Interface Problems, L. 
Shaeffer 


Jan 
Sept 


June 


Aug 


78, 


77, 


rae 


p 


p 


p 


p 


98 


87 
134 


146 
130 


154 
194 


162 


160 


118 


117 


152 


126 


103 


200 
94 


156 


152 
188 


236 
87 


118 


98 


90 


Voltage-Offset Reduction in Data 
Transmitters, NASA 


DIGITAL MATHEMATICS 


Arithmetic 
Algorithm for Computing Logarithms 
and Antilogarithms, M. Clugudean 
An Algorithm for Nonrestoring Divi- 
sion, S. Sanyal 
Arithmetic Logic Unit Design for an 
LS] Minicomputer, R. Blacksher .... 
Carrying Out Division by Addition 
Reduces Hardware Complexity, N. 
T. Simopoulos 
Hardware Multiplication Techniques 
for Microprocessor Systems, B. 
Parasuraman 


Numerical Interpolation for Micro- 
processor-Based Systems, T. A. 
SOUM nceiesesesion cones eattaraaemereeetaticxees 

Shortcut to Logarithms Combines 
Table Lookup and Computation, 
S. Shi 

Digital Logic and Switching Theory 

Complementary MOS _ Four-Phase 
Logic Circuits, NASA 

Congruent Partitioning and Network 
Synthesis, J. R. Logan 

Eliminating Glitches from One-Shots 
in Logic Systems, J. Carroll 

Exclusive-OR Frequency Multiplier, 
INAS xstccansscedettecs ccna necs cesanee 

Index-Register Logic Saves One In- 
struction Per Loop, D. Mandelbaum 


Logic Design and Its Recent Develop- 
ment—Part 5: Fault Diagnosis in 
Digital Networks, S. Y. H. Su 
Part 6: Computer-Aided Logic De- 
sign, S. Y. H. Su 


Mixed Logic Leads to Maximum 
Clarity with Minimum Hardware, 
F. Prosser and D. Winkel 

Software Analyses for Combinatorial 
Logic, J. L. Pokoski 


Information Theory 
An Asynchronous Arbiter Resolves 
Resource Allocation Conflicts on a 
Random Priority Basis, K. 
H¢jberg 
Automatic Error Correction in Mem- 
ory Systems, B. Rickard 
Calculating an Error-Checking Char- 
acier in Software, S. Vasa 
A. Cellular Array for Integer and 
Fractional BCD-Binary Conversion, 
J. G. Bredeson 2222. eeee 
Code Conversion Techniques for 
Digital Transmission, S. Ghosh 
Computer Queuing Analysis on a 
Handheld Calculator, R. Zussman 
Concatenated Algebraic Decoder, 
NASA 
Cyclic Sequence Generator Increases 
Security of Alarm System, R. Krish- 
naiyer and J. C. Donovan 


July 


June 


Sept 


p 


p 


Pp 


p 


112 


106 
124 


96 


80 


75 


Hl 


184 


110 
53 

104 
130 


98 


87 
v7 


113 


120 
179 


190 


104 
103 
85 


132 


73 


A7 


Data Compaction in Computer Sys- 
foms Vs Dishon Sacctcc nee es 


An Efficient Software Method for 
Implementing Polynomial Error De- 
tection Codes, J. S. Whiting 

Enciphering Data for Secure Trans- 
mission, C. H. Meyer 

Generation of Key in Cryptographic 


System for Secure Communica- 
Tins). NAS Asc. es see eres 


Group Coded Recording Reliably 
Doubles Diskette Capacity, P. S. 
Sie | 11) eee ene ie eee a ee 

Hardware Binary-to-BCD Conversion 
and BCD Addition, R. A. Bernay .- 

Implementation of a Parallel Cyclic 
Redundancy Check Generator, K. 
MM FAIR GSS isin stan arenentets 

Improved CRC Technique Detects 
Erroneous Leading and Trailing 0's 
in Transmitted Data Blocks, H. C. 
MCN) secer tre aeitess ant g teats 


Information Preserving Codes Com- 
press Binary Pictorial Data, U. 
WCU SOI save cet Arete od te eer 

Matrix Computations Forecast Com- 
puter Mainframe Reliability, R. 
SHEATH oxen eee oo ee. 

New Error-Correcting Technique for 
Solid-State Memories Saves Hard- 
ware, G. R. Basham ........-.------------ 


Parallel CRC Lets Many Lines Use 
One Circuit, A. K. Pandeya and 
Tes de Qa Seah seek oe cae ceeocwgetees 


Predicting Queue Performance on a 
Programmable Handheld Calcu- 
lator, R. Zussman 


The Serialized Approach to Reading 
Phase-Encoded Data, A. Wrobel 
Fare MBL Co Ai hi gee ee en 

Simp'e Encoding Schemes Double Ca- 
pacity of a Flexible Disc, D. J. 
1 ko]: ae ee a eer 

Simple Hardware Approach to Error 
Detection and Correction, R. C. 
MICE ORIOY, cxcnet = sprecceca len catcc acters 

Sing'e Error Correcting Code Maxi- 
mizes Memory System Efficiency, 
S. Sanyal and K. N. Venkataraman 

Software-Based Single-Bit |/O Error 
Detection and Correction Scheme, 
SM. Whites ne srercrearcct eo een 

Tradeoffs Among Binary Codes in 
Magnetic Tape Cassettes, J. J. 
PAStON ZO basa ccescuestcatctsioweetencteeres 

Two-Step Procedure Improves CRC 
Mechanism, P. J. Fortune 

Understanding Cyclic Redundancy 
Codes, R. Swanson 


Number Representation 
and Conversion 
BCD/Binary Conversion with Single 
IC Cell, M. G. Phadnis and D. Joshi 
A BCD Conversion Technique for 
Teletypewriter Applications, C. 
Ellsworth and W. Malloch 


A8 


Apr 


Mar 


Apr 


Mar 


Oct 


Nov 


Aug 


Oct 


Sept 


Aug 


Feb 


Tip 


75, p 


74, p 


76, p 


78, p 


76, p 


76, p 


78, p 


75, p 


78, p 


78, p 


78, p 


74, p 


114 


84 


98 


9| 


102 


134 


95 


110 


87 


93 


77 


98 


109 


175 


130 


102 


120 


93 


94 


69 


A Cellular Array for Integer and 
Fractional BCD-Binary Conversion, 
J. G. Bredeson 


General Algorithms for Direct Radix 
Conversion, W. C. Lanning 


Hardware Binary-to-BCD Conversion 
and BCD Addition, R. A. Bernay -- 


Self-Checking Number Systems, J. R. 


SS ee ae i emeis, be Vata a 


General 
Another Use for NAND Gates, J. 
ee a, ea See 
Applications of Vector Processing, 
L. C. Higbie 
CMOS Enhances Video Display Ter- 
minal Design, K. Karstad _......--- 
Counting Digital Filter, NASA 
Design of a Programmable One-Shot 
Multivibrator, L. Ruggeri 
Digitized Video Processing in Real- 
Time; ws MOYil aap ee 
Exclusive-OR Frequency Multiplier, 
NASA 
Interfacing Calculator Chips as Mi- 
crocomputer Preprocessors, W. W. 
I OVON eesceececn erence ee eto 
Interval Timer Serves As a Baud Rate 
Generator, J. Beaston —...........----.-- 
age Speech Synthesizers, S. 


mit! 


INPUT/OUTPUT 


Bar Code Recognition 
Printers and Readers Handshake for 


Effective Bar Code System, G 
Whittaker and W. Sexton 
Character Recognition 
Algorithm for a Low Cost Hand 
Print Reader, A. W. Holt —.........- 
Electro-Optical Scan Converter 
hares Benefits of Conventional 
Units; N;. Mz Petiy: .cteece acces 
OCR System Design Benefits from 
Technological Advances, R. K. 
D OVO t2cpeew crisper anne eer ees 


Controllers 


Simplified Floppy-Disc Controller for 
Microcomputers, T. H. Kehl and 
L. Dunkel 


Displays 
Addressing the Elements of a Visual 
Display, J. E.. Bryden ‘assecceectacee nes 


CMOS Enhances Video Display Ter- 
minal Design, K. Karstad _...........- 


CRT Considerations in Data Terminal 
Design, A. D. Bedford _..........---.---- 


Economics of Designing with Raster 
Scan Displays, R. L. Chisenhall -.. 


Graphics 

Digital Image Processor Links TV Sig- 
nal Sources to Computer, R. Dahl- 
|] fo Meee ae Ce Se 


Nov 


Sept 


Feb 


Dec 


Oct 


74, 


75, 


rae 


p 104 


p 84 
p 139 


p 9 
p 132 


p 110 
p 104 


p 130 


p 187 


p 85 


p 75 


p 9 


p 115 


COMPUTER DESIGN/DECEMBER 1978 


Flat Panel Displays Offer Graphics 
Alternatives, J. W. Aichroth 
High Speed Character Generator for 
Graphics Terminals, J. A. Glaab -... 
An Interactive Software Program for 
a Standalone Graphic System, R. I. 
CE eee ee oe 


Interface 


Computer/Computer Interface, 
NASA 


Data Transfer with ASCII Eliminates 
Computer Interface Problem, W. 
IN SOD sncscu5sapeeiees teresstencnenenceeacseracees 

Design Constraints for a UART-Based 
Minicomputer Communications In- 
terface, A. Hirsch 

DMA Controller Capitalizes on Clock 
Cycles to Bypass CPU, J. Nissim -. 


Integrating Peripherals into Process- 
ing Systems, R. J. Eufiger ............ 
Interfacing Peripherals in Mixed Sys- 
tems, Ru IMotha) a. enccscccesecccensateons 
Interfacing the Teletypewriter—Part 
|: A-D and D-A Converters, M. 
Klapfish 
Part 2: Programming Remote Re- 
lays, Solenoids, and Other Power 
Devices, M. Klapfish 
Peripheral Interfacing With Micro- 
processors, A. J. Weissberger ...... 
Technical Factors in Selecting Com- 
ponents for Mixed Systems, D. 
Hamblen 


Terminals 
A BCD Conversion Technique for 
Teletypewriter Applications, 


E'lsworth and M. Malloch 
Choosing Proper Computer Output 
Systems, |. Wieselman 
Impact of LSI on Terminal Architec- 
ture, P. G. Cook and T. B. Cheek _. 
Interfacing the Teletypewriter—Part 
1: A-D and D-A Converters, M. 
Klapfish 
Part 2: Programming Remote Re- 
lays, Solenoids, and Other Power 
Devices, M. Klapfish ........-..-..---------- 
Para'lel CRC Lets Many Lines Use 
One Circuit, A. K. Pandeya and 
T. J. Cassa 
Voice Response 
Design Guidelines for a Computer 
Voice Response System, P. Thor- 
darson 


Oral Annunciator With Program- 
mable Vocabulary, NASA 

General 

Digital Controller for Microfiche Dis- 
play Selection, G. E. King -............. 

Enormous Bucket-Brigade Optical 
Scanner Achieves High Efficiency, 
B. J. Deliduka 

Evolution of Microprogrammed In- 
put/Output Processing in One Pro- 


cessor Family, R. Vahlstrom and 
M. Malone 


5-YEAR INDEX 


Apr 


July 


July 


Sept 


Oct 


Feb 


74, 


76, 


TT 


78, 


76, 


76, 


10] 


106 


114 


118 


74 


167 
117 
77 


77 


94 


100 


108 


100 


69 
63 


103 


94 


100 


87 


73 


128 


110 


89 


98 


Floppy-Disc-Based Emulator Replaces 
Paper Tape Reader, K. W. Fisher .. 
Hardware Versus Software for Micro- 
processor 1/O, J. L. Nichols 
Ink-Jet Printer Mechanism Uses Non- 
Static Vacuum Technique, J. Heinzl 
and G. Rosenstock 
Minicomputer Peripheral Aids Pro- 
gram Debugging, S. R. Alpert -... 


INSTRUMENTATION 


Data and Signal Generators 
A Computer Read/Write Clock, W. 
Nadler and G. G. McDonald ........ 


Digital Synthesizers Produce Wide 
Frequency Range from _ Single 
Source, J. D. Fogarty —........... 


A Digita'ly Controlled Pulse Gen- 
erator for FM Modulation, V. L. 
Appleby 

Generating a 10-Hz Clock From a 
50-/60-Hz Line, A. R. Rosenbaum 


High Speed Character Generator 
for Graphics Terminals, J. A. 
Glaab 


Inexpensive Programmable Computer 


Clock, NASA ...02-2-2222.-20-22-0eeeeeeeeeee 


Interval Timer Serves As a Baud Rate 
Generator, J. Beaston —.............-.---- 


Programmable Sequence Generator 
Comprises Three Integrated Cir- 
cuits, S. Waser 


A Universal Bipolar/MOS Clock 
Driver, J. Roberts and C. Chan .... 
Digital Filters 


Hybrid Digital-Analog Implementa- 

tion of Digital Filters, NASA _........ 

RAM Digital Filter, NASA _..... 
General 

ee of Vector Processing, 

. C. Higbie 

A Tealeda: Computer System = 


Laboratory Automation, G. 
10] | ee en eS 


Measuring Settling Time, 
Crowley -...-.----2-.-----eceeeeeeceeeeeeeeeeeee 

Multichannel High Speed Correlator, 
NASA 


Pattern Recognition: Basic Concepts 
and Implementation, D. Feucht .. 
Programmable Ampiifier for Binary 
BCD-Mode Operation, R. Mauro .. 
Providing Software Flexibility for Op- 
tical Processor Noise Analysis, R. 
Ss, VNC INS secs cc sins ceanrcettaceretieests 
Signal Processing and Display for 

Electrochemical Data, NASA 


Tools for Logic Analysis, J. Wagner -. 


MEMORY/STORAGE 


Bubble 


Designing a Magnetic Bubble Data 
Recorder, Part |—The Component 


May 


Aug 


July 


Sept 


Sept 


July 


July 
Oct 


Mar 
June 


Aug 


Apr 


Apr 


Apr 
May 


Apr 


. Soe 


Feb 


78, 


76, 


Wh 


76, 


192 


102 


104 


104 


102 


100 


83 


118 


106 
114 


112 


124 


152 


162 
134 


139 


177 
120 
114 
57 


102 


89 


166 
108 


A9 


Level, E. J.'Hoffman, et al 
Part 2—The System Level, E. J. 
Hoffman, et al _- 


Magnetic Bubble Systems Approach 
Practical Use, J. E. Juliussen ........ 
A \!/, Level On-Chip-Decoding Bub- 
ble Memory Chip Design, NASA .. 
Open Coil Structure for Bubble- 
Memory-Device Packaging, 
gg Neen Sale ares 
Stripe-Line Coil for Magnetic-Field 
Generation in Bubble Memory De- 
Vices) INAS A ceed t nee 
Variable-Gap Bias Structure for Mag- 
netic Bubble-Memory Package, 
NASA 


Core 


New Magnetic Materials Help Core 
_ Memories Stay Alive, R. D. Thuras 


Flexible Dise 


Design Considerations for Dual-Den- 
sity Diskette Controllers, J. Worden 
Floppy Disc-Based Emulator Replaces 
Paper Tape Reader, K. W. Fisher 
Group Coded Recording Reliably 
Doubles Diskette Capacity, P. S. 
Sich Nth ex a tts Sp Becca 
Hard Sectoring Without Holes In- 
creases Capacity of Floppy Discs, 
Ri. Mi St@incnoss' wcszcs <tc ctsscnadectsdencs 
A Method of High Density Recording 
on Flexible Magnetic Discs, R. C. 
Franchini and D. L. Wartner .......- 
Simple Encoding Schemes Double Ca- 
pacity of a Flexible Disc, D. J. 
Bia SI TORT 2 acecoet smectite tee tin 


Simplified Floppy-Dise Controller for 
Microcomputers, T. H. Kehl and 
16D ig) <font ee ia tee Rear 

Synchronous Adapter Reduces Com- 
plexity of Floppy Disc Controller, 
M. E. Eidson and L. A. Parker 


Hard Disc 

Design/Application Consideration of 
Sealed vs Nonsealed Fixed-Head 
Units, M. Mougel uw... 

Jitter-Free Displays of Disc File Data, 
Be BOW 5 cs. 0.tss espana 


Multiple-Word Buffering for Disc 
Controllers with Bipolar FIFO 
Memory, K. Rallapalli 


Servo Control Technique Enhances 


Performance of Disc Storage Units, 
T. W. Wright 


Semicoriductor 


Adapter Simplifies Development of 
Microprocessor Systems, R. L. 
Morrison and C. A. Wiatrowski .... 

Amorphous Semiconductors for Elec- 
trically Alterable Memory Applica- 
Pons; IR. Re Shanks 25. ec. et cence 

An Associative-Capacitive ROM for 
Reprogrammable Logic Applica- 
tions, M. Quinones 


Al0 


Feb 


Oct 


Sept 


June 


Apr 


Sept 
Dec 


Dec 


Mar 


May 


76, 


76, 


rae 


78, 


74, 


fae 


Th, 


76, 


74, 


74, 


Ve 
a7 
8| 


116 


112 


116 


104 


100 


103 


192 


84 


100 


106 


98 


91 


102 


122 


80 


73 


99 


175 


95 


98 


Automatic Error Correction in Mem- 
ory Systems, B. Rickard 
Battery Backup for Minicomputer 
Semiconductor Memories, J. Wash- 
Ui ste Mie ee ee, 
The Case for Using Partially Good 
Memory Devices, R. H. F. Lloyd .... 
CCDs in Memory Systems Move into 
Sight, H. R. Crouch, et al 
Current Semiconductor Memories, E. 
Rar Hinatek: .<..-.-0ct2---te tee 
Designing Minicomputer Memory Sys- 
tems with 4-Kilobit n-MOS Mem- 
ories,. D. Brugine? =e 
4-Kilobit Memories Present a Chal- 
lenge to Testing, E. R. Hnatek ...... 
Large Bipolar ROMs and p/ROMs 
Revolutionize Logic and System 
Design, J. McDowell .............-.----- 


LSI Bipolar FIFO Memory Increases 
Peripheral Controller Speed, P. 
Chu 

Measurement Techniques for Testing 
High Speed Memories, K. Jackson 
and B. E. Sear 

A Minicomputer Designer Chooses 
Semiconductor Over Core Mem- 
ory, R. J. Frankenberg 

New Error-Correcting Technique for 
Solid-State Memories Saves Hard- 
ware, G. R. Basham ..........---.--:..-- 

Pattern Sensitivity on 4k RAM De- 
vices, A. C. L. Chiang and R. 
STANGNIGGE: sSecceticencrb nae eee 

Pattern Sensitivity Techniques for 
Testing CCD Memories, |. D. 
WANCOU nao ieee 

p/ROM Card Simplifies Computer 
Diagnosis, S. Waser _.........-.--..-------- 

Selection and Application of Semi- 
conductor Memories, S. Davis ...... 

Single Error Correcting Code Maxi- 
mizes Memory System Efficiency; 
S. Sanyal and K. N. Venkataraman 

Solving Mass-Produced ROM Pro- 
gramming Problems with Base Reg- 
istars, J. As Garroll i cccxseneceee 

Timing Peculiarities of Multiplexed 
RAMS, J. Re BroWn csceseaet. 

An Update on MOS ROMs, D. Huff- 


SEY aicciceensenwnornenenancckerewnnbnsincessetrenens eatin 


Tape Cassette/Cartridge 

An Approach to Digital Recording 
by Low Cost Audio Cassette, F. 
We lEtcheverry 2.0 a0) 2 tees 

Data Rate Servo for Phase-Encoded 
Recording Systems, W. J. Kelly .. 

Magnetic Tape Formatter Design Re- 
duces Hardware/Software Require- 
ments, A. S. McPhillips -...........-..--- 

New Method for Magnetic. Encoding 
Combines Advantages of Older 
Techniques, A. M. Patel .............-.- 

The Serialized Approach to Reading 
Phasé-Encoded Data, A. Wrobel 
and M. Gray 


Mar 


Oct 


78, 


75, 


7S; 


76, 


ive 


76, 


75, 


p 


p 


p 


179 


108 


100 


136 


127 


59 


110 


88 


106 
98 


65 


175 


Pid 
85 


95 


112 


77 


99 


85 


77 


COMPUTER DESIGN/DECEMBER 1978 


Smooth Tape Handling Increases Cas- 
sette Drive Reliability, S. Davis -..... 
Tradeoffs Among Binary Codes in 
Magnetic Tape Cassettes, J. J. 
Rastona 28 tes 5s ee 
Update on Magnetic Tape Memories, 
So DAVIS ao eri eerste 
General 
Add-On Memory Sharing Scheme for 
Minicomputers, J. Protopapas 
Advances in Memory Technology, H. 
a ee an ar Mee 
Clearing Up the Confusion: Virtual vs 
Mapped Memory, D. J. Tanner _... 
Design Considerations for Rugged- 
ized Memories, M. J. Maloney and 
Si Muoranesat <5. ne ee 
Designer's Guide for Selecting Mag- 


Sept 75, p 94 

Jan 76, p 102 
Aug 74, p 127 
Apr 75, p 100 
June 74, p 71 

Oct 76, p 101 
May 74, p 114 


netic Mini-Media, A. B. Manildi ..Sept 77, p 120a 


Design Techniques for Microprocessor 
Memory Systems, A. T. Thomas -... 
Expanding a Memory Without Plug- 
Compatibility, C. E. Cohn 


Increasing Memory System Speed 
with a High Speed Buffer _.............. 


MICROCOMPUTERS 


Applications 
Microprocessor/Microcomputer Ap- 
plication Contest, First Prize— 


Microprocessor Restroom Robot, 
CRW TART OWSIG sao hee 


Microprocessor/Microcomputer Ap- 
plication Contest, Second Prize— 
A Microprocessor-Controlled 
Three-Phase Power Inverter, P. van 
der Gracht and K. Mauch 

Microprocessor/Microcomputer Ap- 
plication Contest, Third Prize—A 
Microcomputer-Controlled Seeder, 
V. Wrobel 

Microprocessor/Microcomputer Ap- 
plication Contest, Fourth Prize—A 
Microprocessor Controller For an 
Epitaxial Reactor, D. Herberg, et al 

Microprocessor/Microcomputer Ap- 
plication Contest, Fifth Prize—Elec- 
tronic Diet Controller, K. M. Moran 


Architecture 


Current Microcomputer Architecture, 
R. M. Holt and M. R. Lemas 


Programming 

Altair Timesharing BASIC, S. Blu- 
menthal and S. Webb 

Developing Software for Microcom- 
puter Applications, J. L. Pokoski 
and O. Holt 

Handling Multilevel Subroutines and 
Interrupts in Microcomputers, J. F. 
Vittera 

An Integral Real-Time Executive for 
Microcomputers, K. Burgett and 
E. F. O'Neil 

Macro Processor Simplifies Microcom- 
puter Programming, N. Sohrabji -. 


5-YEAR INDEX 


Aug 75, p 73 
Nov 75, p 102 
May 74, p I18 
Apr 77, p 98 
May 77, p 120 
June 77, p 184 
July 77, p 108 
Aug 77, p 116 
Feb 74, p 65 
July 78, p 128 
Mar 75, p 88 
Jan 78, p 109 
July 77, p 77 
Aug 76, p 108 


A Task-Scheduling Executive Program 
for Microcomputer Systems, D. A. 
Mownzehie: <= eek oe a eS 


General 
An Add-In Recognition Memory for 
S-100 Bus Microcomputers, Part |: 
An Introduction, S. Lamb 
Part 2: Structure and Specification, 
S. Lamb 
Part 3: Applications, S. Lamb 
Design Motivations for Multiple Pro- 
cessor Microcomputer Systems, G. 
Adams and T. Rolander 
Digital Input Units Isolate Microcom- 
puters From Industrial Level Volt- 
ages, C. R. Teeple 
Economic Alternatives in Microcom- 
puter Design, J. L. Nichols 
A Fresh View of Mini- and Micro- 
computers, S. Davis 
Generating Input/Output Device Se- 
lect Pulses for Microcomputer In- 
terfacing, D. G. Larsen, et al 
Hybrid/LS|I Package Yields a Single- 
Component Microcomputer, F. | 


Redding and F. G. Snyder ...........- 
IEEE 488: A Proposed Microcomputer 
1/O Bus Standard, B. E. Forbes .... 
Interfacing Calculator Chips as Mi- 
crocomputer Preprocessors, W. W. 
Moyer 
Microcomputer Development System 
Offers Adaptable Test Configura- 
tions, A. W. Bentley 
Microcomputers Decentralize Process- 
ing in Data Communications Net- 
work, D. J. Mueller 3 
Putting a Microcomputer on a Single 
Chip, H. A. Raphael 
Restored Processor Function Saves 
Logic and Improves Performance 
in Microcomputer System, D. R. 
Ahlgren 
Testing Microcomputer Boards Auto- 
matically, E. B. Foley, Jr and A. H. 
Firman 
What is a Microcomputer Input/Out- 
put Device? J. A. Titus, et al -....... 


MICROPROCESSORS 


Architecture 
Analysis of a Multi-Microprocessor 
System Architecture, A. J. Weiss- 
berger 
Comparisons and Trends in Micropro- 
cessor Architecture, E. E. Klingman 
Distributed Function Microprocessor 
Architecture, A. Weissberger 


Interface Techniques 

Computer Interfacing: Anatomy of a 
Microcomputer, D. G. Larsen, et al 

Interfacing Fundamentals: 


An Application of the 8085 Pro- 
cessor—Part |, P. R. Rony, et al 
Part 2, J. A. Titus, et al 


June 


Nov 


June 
Sept 


Nov 


Feb 


Sept 
Oct 


78, 


76, 


76, 


78, 


78, 


78, 


77, 


76, 


75, 


76, 


76, 


a, 


74, 


78, 
78, 


194 


140 
162 
182 


8| 


142 
110 


67 


196 


114 


140 


187 


122 


81 


59 


88 


92 


112 


151 
83 


a 


128 


140 
164 


All 


The 8085 Family of Memory De- 
vices, ©, This, 6F ali ct 
The 8085 Processor, D. G. Larsen, 
et alee ee 
An Introduction to Realtime Clocks, 
Cs Tiktisy ef etc wae ST 
Microcomputer Interfacing: 
Accumulator 1/O Versus Memory 
[fO) Je As Vitus; ef al 2.2. 
Analog Multiplexers, J. A. Titus, 
Otel) nce ee ead 
Characteristics of the 8253 Pro- 
qrammable Interval Timer, M. L. 
DeJong, J. A. Titus, et al .2...... 
Command Decoders, J. A. Titus, 
Shieh” i ot seaneere ive PE) 
Data Acquisition, J. A. Titus, et al 
How Does a Microcomputer Make 
a Decision? D. G. Larsen, et al .. 
Integer Addition and Subtraction, 
C. Tijus, seta ogo ve see  eee 
Integer Multiplication and Division, 
P. Re Ronyjetalise cc oe 
Interfacing a 10-Bit DAC, J. A. 
Mite (etal a. eee ee 
Interfacing Analog-to-Digital Con- 
verters, D. G. Larsen, et al _...... 
Interfacing a Digital Multimeter, 
J. A. Titus, et al 
Internal Registers Within the 8080 
Chip, P. R. Rony, et al 2... 
Microcomputer Interrupts, D. G. 
larson), eitaliee.gis viet. to 
Sample-and-Hold Devices, D. G. 
Larsait etal nce oi co 
Using Digital-to-Analog Convert- 
ers) Gi Ths. ats aly essa tet 
The Ab Wai: Interrupt, J. A. Titus, 
Te | ee oe en lO Poindne 


Peripheral Interfacing with Micro- 
processors, A. J. Weissberger 


Microprogramming 

Designing Optimized Micropro- 
grammed Control Sections for Mi- 
croprocessors, G. W. Schultz _....... 

Hardware Approaches to Micropro- 
gramming with Bipolar Micropro- 


cessors, J. C, Conway... uat 
Software 
Implementing Branch Instructions with 


Polynomial Counters, O. Kaestner 
Indexed Jump Feature for Intel 8008 
Microprocessor, D. L. Abbott 
Interfacing Fundamentals: 
Assembly Language or BASIC, 
Which Way to Go? D. &. Lar- 
Sen metpaly te eo R, oe l 
A Demonstration Program for the 
8253 Timer, D. G. Larsen, et al 


A Look at Trends in Microprocessor/ 
Microcomputer Software Systems, 
R. Martitez, 4 20. n. as... 


Microcomputer Interfacing: 
The 8080 Logical Instruction, D. 
G. Larsen, et al 
The 8080 Microcomputer Output 
Instruction, P. R. Rony, et al -... 


Al12 


Apr 


Aug 


May 


Apr 7 


78, 


racy) 


78, 
78, 


TE cS ww GW we Veo oo wee VS “aes 


122 
114 
110 


114 
132 


136 


135 
124 


118 
168 
214 
203 
124 
114 
122 
142 
106 
116 
112 


108 


119 


83 


69 


112 


158 
134 


51 


136 
128 


The MOV and MVI 8080 Instruc- 
tions, D. G. Larsen, et al .......... 
Preparing Your Programs, J. A. 
TiS. Otel ee ee ee 2 
Register Pair Instructions, J. A. 
ATESUIS WOT AN cree oe 
A Software UART, P. E. Field, 


Hardware, P. R. Rony, et al 
What Is a Logical Instruction? P. 
Ry. Ronys ef alrcccn tte tt eae 
Multi-Level Nesting of Subroutines-in 
a One-Leve] Microprocessor, P. de 
Ecol 111: ae a ere ae Re DAN th 
Programming Hints Ease Use of Fa- 
miliar Microprocessor, B. Gladstone 
and:Pi. Di Pace) nia) ets cee 
Software Control of Microprocessor 
Based Realtime Clock, K. Karstad 
Software Support for Microprocessors 
Poses New Design Choices, E. S 
ee ee cs ee EO 
System Languages for Microproces- 
sors: Considerations and Trends .. 
Using a Microprocessor. A Real-Life 
Application—Part 2: Software, L. 
E. Cannén and P. S. Kreager 


System Design 

Adapter Simplifies Development of 
Microprocessor Systems, R. L. Mor- 
rison and C. A. Wiatrowski .......... 

Challenges in Microprocessor System 
Design, T. Johes and P. Thomas .... 

Design Techniques for Microprocessor 
Memory Systems, A. T. Thomas .... 

Formal Methods Expedite Micropro- 
cessor-Based System Design, B. J. 

_ Carey 


Realtime Prototype Analysis as a Mi- 
croprocessor Design Aid, R. Francis 
and R. Teitzel 


Test 


A Flexible Approach to Micropro- 
céssor Testing, B. Schusheim ........ 


Microprocessor System Validation 
and Failure Isolation with Portable 
Tester. J.."W., 'Neese; 2. 2.425.....% 


Microprocessor Test Technique Re- 
vea's Pattern Sensitivity, D. Hack- 
meister and A. C. L. Chiang 


Testing Schemes for Microprocessor 
Chips, A. C, L. Chiang 


General 


Block Transfer with DMA Augments 
Microprocesor Efficiency, J. Cosley 
and S. Vasa 


Hardware Multiplication Techniques 
for Microprocessor Systems, B. 
Parasuraman 


Hardware/Software for Process Con- 


trol |/O, A. D. Marathe and A. K. 
Chandra 


Feb 77, 
Nov 77, 
Mar 77, 
Oct 76, 
Oct 77, 


July 76, 


Apr 77, 


Feb 76, 


Aug 
Oct 


Oct 


July 


Oct 


May 


Nov 76, 


Aug 75, 
Feb 


Dec 


Mar 


Sept 


(ie 
Apr 77, 


Mar 78, 


CS CU GS ws DBD GW. 


p 


p 


120 
132 
122 
118 
132 
120 
116 


118 


77 


99 


93 


87 


8| 


175 
109 


73 


97 


65 


67 


105 


81 


87 


8! 


75 


122 


COMPUTER DESIGN/DECEMBER 1978 


Hardware Versus Software for Mi- 
croprocessor I/O, J. L. Nichols .... 
Microprocessors Aid Experimentation 
in Scientific Laboratory, T. A. Seim 
Microprocessors: Where Do They Fit? 
P. R. Rony, et al 
Monolithic Processors, H. Schmid .... 
Numerical Interpolation for Micro- 
processor-Based Systems, T. A. 
EIEN Sess ctac rte acta rector ae 
Operator's Console Considerations in 
Microprocessor System Design, J. 
Little and A. T. Thomas 
Performance and Control of Multiple 
Microprocessor Systems, G. R. 
nL: See ee a ne ee eo 
Using a Calculator Chip to Extend a 
Microprocessor's Capabilities, P. H. 
Stakem 
Using a Microprocessor: A Real-Life 
Application—Part |: Hardware, J 
D. Logan and P. S. Kreager 
Using a Microprocessor at Speeds 


Beyond Its Apparent Intrinsic Limit, 
M. Schwartz and K. Winter 


MINICOMPUTERS 


Architecture 


Approach to Unified Bus Architecture 
Sidesteps Inherent Drawbacks, J 
W. Conway 

Microprogrammed CPU Architecture 
Offers User-Alterable Minicom- 
puter Performance, P. Gordon and 


S, Stallard 


Design 
Advanced Minicomputer Designed by 
Team Evaluation of Hardware/ 
Software Tradeoffs, P. F. Conklin 
and D. P. Rodgers 


Design Decisions Achieve Price/Per- 
formance Balance in Mid-Range 
Minicomputers, J. C. Mudge 

Increasing Minicomputer Speed With 
Emitter-Coupled Logic, J. DeLaune 

System-Level Integration Shrinks Size 
and Cost of Medium-Scale Com- 
puter, G. Hoff 


Programming 

An Improved Minicomputer Program 
Interrupt Structure, A. Allison -... 

Microcode Increases Minicomputer 
Processing Capability, S. Buchwald 


General 
A Fresh View of Mini- and Micro- 
computers, S. Davis 
Low Power ae A Make or 
Buy Decision, J. Washburn 
Market oe Portend Design 
Changes in Small Computers, D. R. 
Wulfinghoff 


Protecting Minicomputers From Pow- 
er Line Perturbations, R. M. Teets 


5-YEAR INDEX 


Aug 76, p 102 


Sept 76, p 83 


Jan 76, p 108 
Oct 74, p 87 


Feb 78, p II! 


Nov 75, p 87 


Mar 74, p 81 


Sept 


Sept 


June 


June 


Apr 


Aug 
Feb 


Aug 


June 


75, p 98 


75; 


T1. 


76, 


| 74, 


p 


p 


69 


106 


7\ 


91 


129 


87 
90 


8| 


8| 


9I 


67 


PROGRAMMABLE CALCULATORS 


Computer Queuing Analysis on a 
Handheld Calculator, R. Zussman .. 
Computer Simulation on a Pocket 
Calculator, R. Zussman 
Computer Simulation Program for a 
Second Generation Handheld Cal- 
culator, R. Zussman 
Predicting Queue Performance on a 
Programmable Handheld Calcu- 
lator, R. Zussman 
Programmable Calculators Control 
Data Acquisition Systems, J. Estes 
Programmable Calculators Control 
Electronic System Testing, P. 
huhnov 
Programmable Handheld Calculator 
Computes Digital-to-Analog Con- 
verter Errors, P. Prazak 


SOFTWARE 
Hardware Dedicated 


A CAD Program for High Speed 
Logic Element Interconnections, T. 
Balph, et al 

An Efficient Software Method for 
Implementing Polynomial Error De- 
tection Codes, J. S. Whiting 

An Interactive Software Program for 
a Standalone Graphic System, R. |. 
Ross 

An Introduction to Vector Processing, 
P. M. Johnson 

Minicomputer Peripheral Aids Pro- 
gram Debugging, S. R. Alpert 


Moving Inversions Test Patterns is 
Thorough, Yet Speedy, J. H. de 
Jonge and A. J. Smulders 

Virtual gone Design Reduces Pro- 
gram Complexity, J. E. Requa .... 


Microprocessor/Microcomputer 
Breakpoint Design for Debugging Mi- 
croprocessor Software, T. P. 
Hughes and H. Sawin III 
Calculating an Error-Checking Char- 
acter in Software, S. Vasa 
Developing Software for Microcom- 
puter fo alle J.D. Pokoski 
and O. Holt 
Handling Multilevel Subroutines and 
Interrupts in Microcomputers, J. F. 
Vittera 
A Look at Trends in Microprocessor/ 
Microcomputer Software Systems, 
R. Martinez 


Macro Processor Simplifies Micro- 
computer Programming, N. 


Sohrabji 


Programming Hints Ease Use of Fa- 
miliar Microprocessor, B. Gladstone 
and P. D. Page 


Software Analyses for Combinatorial 
Logic, J. L. Pokoski 


Nov 


May 


Mar 


Aug 


June 


May 


77, 


71, 


75, 


75; 


11, 
78, 


76, 


76, 


78, 


78, 


76, 


75, 


78, 


76, 


76, 


Pp 


p 


122 


135 


73 


114 
89 


104 


169 


97 


99 


190 


88 


109 


5| 


108 


77 


113 


A13 


Software Control of Microprocessor System 
Based Realtime Clock, K. Karstad Oct 78, p 99 Microprocessor System Validation 
Software Support for Microprocessors and Failure Isolation with Portable 
Poses New Design Choices, E. S. Tester, J. W. Neese .............---------- Sept 77, p 105 
NYRI ae arn es Se Oct 76, p 93 Programmable Calculators Control 
System Languages for Microproces- Electronic Systems Testing, 
sors: Considerations and Trends .... July 76, p 87 Chuhnoy nanan eeeeeesncncnceeneene Jan 76, p 73 
A Task-Scheduling Executive Program Tools 
for Microcomputer Systems, D. A. A Control Storage Simulator for De- 
TOWNZON —------aeseennnnnnnneeeeeenitnnee June 77, p 194 bugging Microprograms, P. Breed- 
Using a Microprocessor: A Real-Life ON sacuhicamccntsn tase ee Apr 74, p 150 
Application—Part 2: Software, L. The Lscie eakaan. © + 
gic Analyzer: omputer 
E. Cannon and P. S. Kreager ....... Oct 75, p 81 Troubleshooting Tool, N. A. Robin Mar 76, p 89 
Systems Logic Analyzers in System cht 
Computer Simulation Program for a Make Time Run Backward, J. C. 
Second Generation Handheld Cal- Hill and C. Fiedler -.........------------- Dec 75, p 67 
Culation 4RO ussman: 228s tse Mar 78, p I16 Pattern Analyzer Synchronizes Scope 
Designing Interrupt Structures for in Presence of Jittery Signal, R. 
Multiprocessor Systems, R. Jaswa Sept 78, p 101 REISOR annette July 75, p 106 
A Formal Design Language for Digital Programmable Interface Drivers Sim- 
Systems, R. Crall oo... ....-cee-ccceseweneeee Nov 74, p 103 plify Logic Testing, D. T. Kan ...... July 76, p 106 
p/ROM Card Simplifies Computer 
ee Diagnosis, S. Waser .......----.------------ Jan 77, p 98 
Simplifying Processor Maintenance 
Automatic with a Carefully Designed Main- 
Adversary Analysis: Computerized tenance Panel, G. Gillow -........... July 75, p 95 
ete of Computers, W. S. vee i Understanding Logic Analyzers, R. L. 
Plolde nia yn eee Sen ept 75, p Down 229 ee June 77, p 188 
An Automated Testing Procedure for Gonseal 
Step Motor Simulation and Valida- Cc Mi ‘i in Diaital 
tion, RE ExKnoerzers22...2. i=. June 75, p 84 Fuk Genaation a thewer : Jun 37,6 09 
Automatic vs Manual Test Equip- . ets na 
ment, B. Sigsby nn Feb 75, p92 | '™Romerancy’ Check Generator K 
Data Reduction and Display in Auto- Wh, “PAOINOSS « sasexteaserciacinsecencuacteonoats Mar 74, p 91 
mated Test Systems, T. Cave and Moving Inversions Test Pattern is 
De SNE nce ese May 78, p 16l Thorough, Yet Speedy, J. H. de 
Board/Component Jonge and A. J. Smulders ............ May 76, p 169 
any eae ee ae What the Computer User Should 
SEER OEEE AC Sere COnaeS rar Know About Computer-Controlled 
Tester Selection, D. Alvarez ........ Dec 76, p 69 Testing, P. Ci, deelaoliscscdesanic. Oct 74, p 97 
Electrical Scanning Reduces Back- 
Panel Testing Time, M. Karr .......- Mar 77, p 104 
A Flexible Approach to Micropro- MISCELLANEOUS 
cessor Testing, B. Schusheim ........ Mar 76, p 67 Bcamentetion 
4-Kilobit Memories Present a Chal- +f gs 
; Competent Purchase Specifications 
lenge to Testing, E. R. Hnatek -..... May 75, p II7 Help Assure Successful Product, D. 
How Computers Can Test Their Own M: lamblen 22222) ee ee May 77, p 128 
Memories, R. C. Goldblatt ........ July 76, p 69 Documentation Standards Clarify De- 
Measurement Techniques for Testing sign) dak, Wakarly. <0 cecceesen Feb 77, p 75 
High Speed Memories, K. Jackson Signal N 
gnal Names Help System Under- 
and B. E. Sear ............ i eee May 75, p 127 standing, W. Myers .......--------------- July 75, p 81 
Microprocessor Test Technique Re- : ae . 
pe Pattern Sensitivity, D.-Mack- Economics of Digital Electronics 
meister and A. C. L. Chiang ........ Dec 75, p 81 oS , Prat : Tecnnoioay 
ride ing — |: Development an 
Pattern Sensitivity Techniques for et ee 4 
Tasting CCU Memorex 1... 0. Manufacturing, M. Phister, Jr -..... Sept 78, p 91 
Wane6e! co sees en i ce Nov 77, p 106 Part 2: Maintenance, M. Phister, 
Testing Microcomputer Boards Auto- SE eeenneeennesenncennneenneenenteantnerenatannse Oct 78, p 109 
matically, E. B. Foley, Jr and A. H. Security 
FIRMA -.-.---oroeccceennoesennnnnsseeseneeneeeenee Dec 76, p 92 Cyclic Sequence Generator Increases 
Testing Schemes for Microprocessor Security of Alarm Systems, R. 
Chipsr Aye DONOREAG acces Apr 75, p 87 Krishnaiyer and J. C. Donovan ..... July 75, p 73 


Al4 COMPUTER DESIGN/DECEMBER 1978 


et 


Abbott, D. L., Indexed Jump Feature 
for Intel 8008 Microprocessor .. 
Adams, G. and Rolander, T., Design 
Motivations for Multiple Proces- 
sor Microcomputer Systems 
Adams, G. F. and Atterbury, G. F., 
Building Today's Technologies 
Into a Large-Scale Time-Sharing 
System 
Adan, M. E., et al, Monolithic Data 
Conversion Devices, Part |: Digi- 
tal-to-Analog Converters 
Ahlgren, D. R., Restored Processor 
Function Saves Logic and Im- 
proves Performance in Micro- 
computer System 
Aichroth, J. W., Flat Panel Displays 
Offer Graphics Alternatives .... 
Allison, A., An Improved Minicom- 
puter Program Interrupt Struc- 
ture 
Alpert, S. R., Minicomputer Periph- 
eral Aids Program Debugging .. 
Alvarez, D., Considerations in Semi- 
conductor Tester Selection 
Anderson, G. L. and Bartlett, K., 
Hardware Allocation of Data 
System Resources 
Anderson, T. O., Computer Interface- 
Timing Control Logic 
Apfel, R. J. and Jones, D. B., Univer- 
sal Switching Regulator Diversi- 
fies Power Subsystem Applica- 
Li ee ee ree Sree et 
Appel, R. L. and Pardoe, C. T., An 
Asynchronous Time-Division Mul- 
tiplexing System 
Appleby, V. L., A Digitally Contro'led 
Pulse Generator for FM De- 
modulation -....-.--.-.-2-2-.co0eceeeeeeene 
Atterbury, G. F. and Adams, G. F., 
Building Today's Technologies 
Into a Large-Scale Time-Sharing 
System 


Balph, T., et al, A CAD Program for 
High Speed Logic Element Inter- 
COMME CTIONS  socceecccccecestgenetczcistos 

Barron, R. L., Learning Networks Im- 
prove Computer-Aided Predic- 
tion and Control 

Bartlett, K. and Anderson, G. L., 
Hardware Allocation of Data 
System Resources -..--.------------ 

Basham, G. R., New Error-Correcting 
Technique for Solid-State Mem- 
ories Saves Hardware 

Beaston, J., Interval Timer Serves As 
a Baud Rate Generator 


5-YEAR INDEX 


June 


Mar 


Sept 


Mar 


Aug 


Oct 


Jan 
Sept 


Dec 


July 
Feb 


Mar 


July 


July 


Sept 


AUTHOR INDEX 


78, 


75, 


78, 


15; 


75, 


76, 


78, 


p 


p 


p 


112 


8] 


Phd 


152 


88 


101 


8] 


104 


69 


89 


96 


103 


79 


135 


65 


89 


110 


112 


Becker; H. B., Functional Approach 
to Information Network Design -. 
Bedford, A. D., CRT Considerations 
in Data Terminal Design 
Bentley, A. W., Microcomputer De- 
velopment System Offers Adapt- 
able Test Configurations 


Bernay, R. A., Hardware Binary-to- 
BCD Conversion and BCD Ad- 
dition 
Beville, R., Jitter-Free Displays of 
Disc File Data 
Blacksher, R., Arithmetic Logic Unit 
Design for an LSI Minicom- 
PUTO cee cececch a peta ncscaecaeenas 
Blood, W., et al, A CAD Program 
for High Speed Logic Element 
Interconnections 
Blumenthal, S$. and Webb, S., Altair 
Timesharing BASIC 
Bobba, G. M., et al, Decision-Making 
With Flags in Process Control .. 
Bredeson, J. G., A Cellular Array for 
Integer and Fractional BCD-Bi- 
nary Conversion 
Breeden, P., A Control Storage Simu- 
lator for Debugging Micropro- 
grams 
Brown, J. R., Jr, Timing Peculiarities 
of Multiplexed RAMs .............. 
Brunner, D., Designing Minicomputer 
Memory Systems with 4-Kilobit 
n-MOS Memories ...........2.----------- 
Bryden, J. E., Addressing the Ele- 
ments of a Visual Display 
Buchwald, S., Microcode Increases 
Minicomputer Processing Capa- 
bility 
Buckley, J. E., Asynchronous Timing 
Error Characteristics 
AT&T's Digital Transmission Service 
Certification 1977 
Certification Update 
Communication System Security .. 
Communications Act of 1978 
Communications Code Compati- 

bility 
Communications Software: Appli- 

cation Overview 
Communications Software: 

tional Considerations ..............-- 
Communications Traffic Analysis _. 
Competitive Dialed Services 
Computer-Aided Network Design .. 
Computer Communications Inquiry 
Computerized PBX Systems 
sae aiid Voice Network Con- 

tro 
Data Communications Consultants 
Data Network Response 
Dialed Digital Data Channels 
Domestic Communications Satellite 

System 


Func- 


May 


Feb 


74, 


75, 


Be] 


OG U UD TUOO0O0O me) me) TVOVOOV 


go 


83 


84 


122 


98 


80 


96 


135 


128 


77 


104 


Dynamic Multiplexing Applications 
IBM Protocols—Part |: BSC 

Patt2: SPUG. 1c. tec 
Implications of the Communica- 

tions: Retorm: AGH cxcecccccrcpecsceaus 
In-WATS System Access .....-..-------- 
Information Systems Review—and 

Epilogue 
Intelligent Networks _.......--....--- 
Interconnection Certification -....... 
Leased Communications Services .. 
Loeal Moet! axcccceexcccscaen-ceentectic 
Local System Access ......-.----::--0-+ 
Management Automation Applica- 

ANOWS: | kcccenkonpetheent eed nee eae Oe 
Microcomputer Converter ........-..- 
Multi-Vendor Information Systems 
Network Design Criteria 
Network Node Criteria ................ 
1956 Consent Decree—History 

and Implications -.......--.--.-.------- 
Non-Communications Programming 

JRETOUYINS -cncsee pe xperste ot onttiecncenass 
Office Automation 0.2.2... 
Packet Switching -.......-------------------+ 
Possible 1977 WATS _......-.-....---- 
Private Line Tariff Revisions 


Ramifications of the Revised 
WATS Tatitie ee ete 
Remote Batch vs Interactive Pro- 


COSSIN Gee tp EE 2 otc et 
Remote Data Terminal Selection .. 
Remote Memory Systems and Ap- 

MCS ONS cacti ct haces casa 
Satellite Business Systems 
Shared User Networks _.............--- 
Switched Communications Ser- 

vices 
Switched Network Service Alterna- 

TMGSi = Rede EE IL. 
Synchronous Timing Error Charac- 

TentshiGs oe 
System Environmental Factors ...... 
System Installation Criteria —........ 
Telecommunications Diagnostics .. 
Telecommunications System Mea- 

SUMORIONTS eo oases ae eceewecns 
Telephone Controllers _...............-.- 
Terminal Storage Systems ...........- 
Terminals: Human Factor Consid- 

OQERCTIS! 45 Sct eo eat 
Trans-Canada Datapac ................. 
Unbund!ed Communications Ser- 

vices 


Burens, J. H., Switching Power Sup- 
plies: Specification Criteria 
Burgett, K. and O'Neil, E. F., An In- 
tegral Real-Time Executive For 
Microcomputers 


Cairns, J., Jr, et al, Microprocessor- 
Based Interface Converts Video 
Signals for Object Tracking 

Camuso, J. A., Specifying and Select- 
ing Uninfarrupttele Power Supply 
SWSHON IS) 22.8 oes sea trea 

Cannon, L. E. and Kreager, P. S., 
Using a Microprocessor: A Real- 
Life Application—Part 2: Soft- 


WONG ehh Sec drctnn cenit na hn alin aaa maar mat 


Al6 


76, 


76, 


74, 


TT, 


75, 


rae 


TH, 


77, 


77, 


IS; 


me] 


mole) nome} moi cine) TVUOD me] mel] i > Jim © ie © nome) me) is © Jie © iat © Tat 0 ie 2 | me) TUDTOO Ooo ara TU TUN 


91 


77 


8| 


63 


8l 


Caplener, H. D. and Janku, J. A., 
Top-Down Approach to LSI Sys- 
tem Design 

Carey, B. J., Formal Methods Expe- 
dite Microprocessor-Based Sys- 
tem Design 

Carroll, J., Eliminating Glitches From 
One-Shots in Logic Systems 


Carroll, J. A., Solving Mass-Produced 
ROM Programming Problems 
With Base Registers 


Cassa, T. J. and Pandeya, A. K., 
Parallel CRC Lets Many Lines 
Use One Circuit 


Cave, T. and Smith, D., Data Reduc- 
tion and Display in Automated 
Test Systems 

Chan, C. and Roberts, J., A Univer- 
sal Bipolar/MOS Clock Driver .. 

Chandra, A. K. and Marathe, A. D., 
Hardware/Software for Process 
Control I/O 

Chang, S. and Lam, P.-L., A Multi- 
vibrator Using RC-Coupled Cas- 
cade Stages as a Ring 
COUT OR docectcrenehcnct ac Aosta mess 


Cheek, T. B. and Cook, P. G., Impact 
of LSI on Terminal Architec- 
ture 

Chiang, A. C. L., Test Schemes for 
Microprocessor Chips 

Chiang, A. C. L. and Hackmeister, D., 
Microprocessor Test Technique 
Reveals Instruction Pattern Sen- 
sitivity 

Chiang, A. C. L. and Standridge, R., 
Pattern Sensitivity on 4k RAM 


DI SVICOS eck eer 


Chisenhall, R. L., Economics of De- 
signing with Raster Scan Dis- 
plays 

Christensen, G. S., et al, A New Ap- 
proach to Network Storage Man- 
SQOMONT ceccicacgeteree ees 


Chu, P., LS! Bipolar FIFO Memory 
Increases Peripheral Controller 
SROOG  ctimecucteeery ae ae 

Chuhnov, P., Programmable Calcu- 
lators Control Electronic System 
MOSHING), steetmctgesttiena sae eee 


Ciugudean, M., Algorithm for Com- 
puting Logarithms and Antilog- 
QRUAIS adores band, does eee 

Cohen, M., CMOS Logic Modules 
for Industrial Control 

Cohn, C. E., Expanding a Memory 
Without Plug Compatibility 

Coit, K. T., Programmable Multiline 
Communications Processor Pro- 
vides Front-End Flexibility 

Conklin, P. F, and Rodgers, D. P., Ad- 
vanced Minicomputer Designed 
By Team Evaluation of Hard- 
ware/Software Tradeoffs _........... 

Conway, J. C., Hardware Approaches 
to Microprogramming With Bi- 
polar Microprocessors 


Aug 


Feb 


Sept 


Aug 


Sept 


Apr 


78, 


74, 
76, 


75, 


Dec 75, 


Feb 75, 
July 


Nov 


Oct 


p 


p 


p 


p 


p 


p 


p 


p 


p 


p 


p 


p 


97 


104 


99 


87 


16| 


152 


122 


120 


103 


87 


8! 


88 


98 


8| 


136 


73 


106 
50 


102 


99 


129 


83 


COMPUTER DESIGN/DECEMBER 1978 


Conway, J. W., Approach to Unified 
Bus Architecture Sidesteps In- 
herent Drawbacks 

Cook, P. G. and Cheek, T. B., Impact 
of LSI on Terminal Architec- 
ture 

Cooper, S. B., Hardware Considera- 
tions for High Level Data Link 
Control Communications 

Cornett, J. B., Jr, et al, CCDs in 
Memory Systems Move Into 
Sight 

Cosley, J. and Vasa, S., Block Trans- 
fer With DMA Augments Micro- 
processor Efficiency 

Crall, R. F., A Formal Design Lan- 
guage for Digital Systems 

Crouch, H. R., et al, CCDs in Mem- 
ory Systems Move Into Sight -.. 

Crowley, H. W., Measuring Settling 


Time 


Dahlberg, R., Digital Image Processor 
Links TV Signal Sources to Com- 
puter 

Davis, S., Digital Measurement of 
Shaft Position: Synchros and Re- 
solvers or Encoders 

A Fresh View of Mini- and Micro- 
computers 
Selecting and Applying Stepping 
Motors in Computer Peripheral 
EQUUS es cesreereccnecceetsleeseectats 
Selection and Application of Semi- 
conductor Memories 
Smooth Tape Handling Increases 
Cassette Drive Reliability 
Update on Magnetic Tape Mem- 
ories 

DeJong, M. L., et al, Microcomputer 
Interfacing: Characteristics of 
the 8253 Programmable Interval 
WOR ect cer tcc ater 

A Demonstration Program for the 
_ 8253 Timer 

de Jonge, J. H. and Smulders, A. J., 
Moving Inversions Test Pattern 
Is Thorough, Yet Speedy 

DeLaune, J., Increasing Minicomputer 
Speed with Emitter-Coupled 
WSO GUC oc caceoschectot dementia cares 

Deliduka, B. J., Enormous Bucket-Bri- 
gade Optical Scanner Achieves 
Pligh EP iclney, acccisccnsccnceeetscstcne 

de Marchin, P., Multi-Level Nesting 
of Subroutines in a One-Level 
Microprocessor .......---------::--0---++-- 

de Smet, J. and Sanders, R. W., 
"Pacuit'’ Switching Combines 
Two Techniques in One Net- 
Yo] ee ae en ee eS 

Dickson, K. L., et al, Microprocessor- 
Based Interface Converts Video 
Signals for Object Tracking 

Dishon, Y., Data Compaction in Com- 
puter Systems 

Donaghey, L. F., et al, Decision-Mak- 
ing With Flags in Process Con- 
tro 


Jan 


Nov 


Feb 


Feb 


Feb 


Feb 


77, 


76, 


15; 


76, 


TT GD DBD TD 


7\ 


103 


8] 


75 


8| 
103 
75 


120 


115 


50 
67 


141 
65 
94 
127 


p 136 


134 


169 


90 


89 


118 


Donovan, J. C. and Krishnaiyer, R., 
Cyclic Sequence Generator In- 
creases Security of Alarm Sys- 
TONS ccenxcecsersedencrsesenctant oeiecos sep eact 


Dove, R. K., OCR System Desian 
Benefits from Technological Ad- 
vances 

Down, R. L., Understanding Logic 
Analyzers 

Dunkel, L. and Kehl, T. H., Simplified 
Floppy-Dise Controller for Mi- 
crocomputers 


Eidson, M. E., and Parker, L. A., Syn- 
chronous Adapter Reduces Com- 
imide of Floppy Disc Control- 
= eee eens Rebeee, te ane on erie 

Ellsworth, C. A. and Malloch, W. G., 
A BCD Conversion Technique 
for Teletypewriter Applications -. 

Embley, R. W., Solid-State Analog 
Switch Matrix Replaces Relay 
and Crossbar Selectors 

Erdman, A. C., Operation of Pro- 
grammable Frequency Dividers .. 

Estes, J., Programmable Calculators 
Control Data Acquisition Sys- 
1 =) 13) ns ee ee ee ene 

Etcheverry, F. W., An Approach to 
Digital Recording by Low Cost 
Audio Cassette 2.0... 

Eufinger, R. J., Integrating Periph- 
erals into Processing Systems .... 

Eward, R. S., et al, CCDs in Memory 
Systems Move Into Sight _........... 


Feucht, D., Pattern Recognition: Basic 
Concepts and Implementations .. 
Fichtenbaum, M. L., Top-Down De- 
sign Streamlines Digital System 
PRO [OCIS ccctacteee Becca seccernecsine 
Field, P. E., et al, Microcomputer In- 
terfacing: A Software UART .... 
Fiedler, C. and Hill, J. C., Logic 
Analyzers in System Debugging 
Make Time Run Backward ........ 
Firman, A. H. and Foley, E. B., Jr, 
Testing Microcomputer Boards 
PRAT RIGRI acisecainsiansniscsrcsncapaisvn 
Fisher, K. W., Floppy Disc-Based Emu- 
lator Replaces Paper Tape Read- 


Fletcher, J. G., Serial Communication 
Protocol Simplifies Data Trans- 
mission and Verification 

Fogarty, J. D., Digital Synthesizers 
Produce Wide Frequency Range 
from Single Source 

Foley. E. B., Jr and Firman, A. H., 
Testing Microcomputer Boards 
Automatically 

Forbes, B. E., IEEE 488: A Proposed 
Microcomputer 1/O Bus Stan- 

ar 

Forsyth, D. M., et al, Monolithic Data 
Conversion Devices—Part |: 
Digital-to-Analog Converters .... 

Fortune, P. J., Two-Step Procedure 
Improves CRC Mechanism 


July 


Oct 


June 


June 


Dec 


75, 


135 


76; 


718; 


76, 


78, 


78, 


rae 


p 


73 


9I 


188 


9| 


102 


69 


112 


110 


73 


112 
77 


75 


57 


91 


118 


67 


92 


192 


77 


100 


92 


170 


152 


116 


Al7 


Franchini, R. C. and Wartner, D. L., 
A Method of High Density Re- 
cording on Flexible Magnetic 
DISCS: ete ees Seen 

Francis, R. and Teitzel, R., Realtime 
Prototype Analysis As a Micro- 
processor Design Aid ...........--.---- 

Frankenberg, R. J., A Minicomputer 
Designer Chooses Semiconductor 
Over Core Memory ........---------- 

Freeman, M. J. and Mulkowsky, G. P., 
Verbal Communication System 
Enhances Computer/Student In- 
TOEACHON pee een ts hate ee oy 


Gaal, S., The Mini: Efficient Alterna- 
tive to Large Computer Con- 
THOM 2 ene tecee ae  e 

Garen, E. R., Charge-Transfer De- 
vices—Part |: The Technologies 
Part 2: CCD Memories ........-..-.- 
Part 3: Diverse Uses of CTDs 
For Analog, Digital, and Opti- 
cal Applications 2... 

Custom Integrated Circuits: A 
Viable Alternative for Low to 
Intermediate Volume Applica- 
WSIS oe Se ee ee ck care res 

Have the LSI Parts You Buy Been 
Thoroughly Tested? _...........----.-- 

Integrated Injection Logic—A 
Technology Status Report ........ 

Magnetic Bubble Memory Devices 
and Applications .....-.--------------- 

Monolithic Data Conversion De- 
vices—Part 2: Analog-to-Digital 
Converters: se elds 


CUMS tee tn Sete Pe 
Semicustom Integrated Circuits— 
The Do-It-Yourself LS! Chips -... 
Garen, E. R. and Smith, $., CMOS on 
Sapphire: aso o5 ee pee ser te 

The Impact of VLSI Upon Com- 
puter Architecture -......--.-.---------- 
Technology Status Report On Re- 
cent NMOS Processes ..:.....-.---- 
Garen, E. R., et al, Monolithic Data 
Conversion Devices—Part |: 
Digital-to-Analog Converters .... 
Ghosh, S., Code Conversion Tech- 
niques For Digital Transmission .. 
Gilbert, B. R. and Morse, M. J., Digi- 
tal Simulator Replaces Analog 
Portion of Hybrid Computer .... 
Gillow, G., Simplifying Processor 
Maintenance with a Carefully 
Designed Maintenance Panel .... 
Givens, S., Field-Effect Transistors as 
Analog: Switches: -2.cc.-nc--cs-0css--- 
Glaab, J. A., High Speed Character 
Generator for Graphics Termi- 
FSIS, pe ee ee ee 
Gladstone, B. and Page, P. D., Pro- 
gramming Hints Ease Use of Fa- 
miliar Microprocessor .............--- 
Goksel, K. and Parrish, E. A., Jr, The 
Role of Microcomputers in Ro- 
DOGS <tc scence eerie 


Al8 


Oct 


Dec 


Mar 


Sept 
Sept 
Oct 
Aug 


Mar 


Aug 


76, 


78, 


75) 


76, 


75) 


oe Oo ie 


59 


8| 


46 


146 
130 


154 


156 
152 
162 
164 


188 
236 
148 
194 
200 
160 


152 


103 


9\ 


95 


106 


106 


77 


56 


Goldblatt, R. C., How Computers 
Can Test Their Own Memories .. 
Gordon, B. M., Noise-Effects on Ana- 
log to Digital Conversion Accu- 


racy— Part |) cae 
FOr 2 eheittewntpeeeerecte es 


Gordon, P. and Stallard, S., Micro- 
programméd CPU Architecture 
Offers User-Alterable Minicom- 
puter Performance ......-.--/-------++-- 

Gray, M. and Wrobel, A., The Se- 
rialized Approach to Reading 
Phase-Encoded Data .................. 

Griffen, E. L., Conversion of Resolver 
or Synchro Trigonometric Out- 
puts to Digital Data -................... 


Hackmeister, D. and Chiang, A. C. L., 
Microprocessor Test Technique 
Revea's Instruction Pattern Sen- 
STRIVIRY!: xsececeucndtvarawveasoannsanttecn eee 


Hamblen, D. M., Competent Pur- 
chase Specifications Help Assure 
Successtul Product scxsenccccpsscseretan 

Technical Factors in Selecting 
Components for Mixed Sys- 
TOTS scarce see eeececenenen eer eees 


Harmala, A. D., Benefits of Localized 
Control with Microcomputers .... 
Heinzl, J. and Rosenstock, G., Ink-Jet 
Printer Mechanism Uses Non- 
Static Vacuum Technique .........- 
Helmick, C. G., Static UPS Systems: 
Application Case Histories ...... 


Helness, K. R., Implementation of a 
Parallel Cyclic Redundancy 
Check Generator _...W...--.--.- 

Herberg, D., et al, Microprocessor/ 
Microcomputer Applications 
Contest, Fourth Prize—A Micro- 
processor Controller for an Epi- 
taxiall Reactor 22.25. 

Herr, J. R., Self-Checking Number 
SEL ae = eee ee ee OE te 

Heutink, F., Implications of Busing for 
Cellulay AGS ccc ceccmc 

Higbie, L. C., Applications of Vector 
PROCESSING) acsoceece eee ee 

Associative Processors: A Panacea 
OF Q-Spacilic? nse ees 

Hill, J. C. and Fiedler, C., Logic 
Analyzers in System Debugging 
Make Time Run Backward ........ 

Hirsch, A., Design Considerations For 
a UART-Based Minicomplter 
Communication Interface —......... 

Hnatek, E. R., Current Semiconductor 
INIGOFIOS 5.castd -ncctg ee 

4-Kilobit Memories Present a Chal- 
lenge to Testing 2.22... 
Switching Regulator-Noise Sup- 
pression Techniques ...............-.... 
Switching Power Supplies: Design 
Considerations  .......::cceccsccossetaa-- 

Hodges, D. A., Trends in Computer 
Hardware Technology .............. 

Hoff, G., System-Level Integration 
Shrinks Size and Cost of Me- 
dium-Scale Computer ................ 


July 


Mar 
Apr 


June 


Feb 


Oct 


May 


July 


July 


Mar 


July 
June 
Nov 
Apr 


July 


Dec 


June 
Apr 
May 


Jan 


74, 
74, 


75, 


74, 


15; 


75, 


76, 


p 65 
p 137 


p 105 


p 128 


p 100 


p 59 


p 104 


p 108 


167 


COMPUTER DESIGN/DECEMBER 1978 


Hoffman, E. J., et al, Designing a 
Magnetic Bubble Data Recorder 
—Part |: The Component Level 
Part 2: The System Level 

H¢jberg, K. S., An Asynchronous Ar- 
biter Reso'ves Resource Alloca- 
tion Conflicts On a Random 
Priority Basis 

One-Step Programmable Arbiters 
for Multiprocessors 

Holderby, W. S., Adversary Analysis: 
Computerized Testing of Com- 
puters 

Designing a Microprocessor-Based 
Terminal for Factory Data Col- 
lection 

Diagnostic Structures and Formats 
for Complex Computer Sys- 
OTIS eect oeiincsierdag tiene eet 

Holscher, J. N., Static UPS Systems: 
Configurations and Inverter 
Specifications .......-.--2--2-.-.-------- 

Holt, A. W., Algorithm for a Low 
Cost Hand Print Reader 

Holt, O. and Pokoski, J. L., Develop- 
ing Software for Microcomputer 
Applications 

Holt, R. M., and Lemas, M. R., Cur- 
rent Microcomputer Architec- 
ture 

Huffman, D., An Update on MOS 
ROMs 

Hughes, T. P., and Sawin, D. H., Ill, 
Breakpoint Design for Debug- 
ging Microprocessor Software .. 


Iser, D. A., et al, Design Considera- 
tions for Aerospace Digital Com- 
(2 12) ere 
Jackson, K. and’ Sear, B. E., Measure- 
ment Techniques for Testing 
High Speed Memories 
Jackson, P. C., What the User Should 
Know About Computer-Con- 
trolled Testing 
Jaeger, R., Microprogramming: A 
General Design Tool 
Janku, J. A. and Caplener, H. D., 
Top-Down Approach to LSI Sys- 
tem Design 
Jaswa, R., Designing Interrupt Struc- 
tures for Multiprocessor Systems 
Johnson, P. M., An Introduction to 
Vector Processing 
Jones, D. B. and Apfel, R. J., Univer- 
sal Switching Regulator Diversi- 
fies Power Subsystem Applica- 
tions 
Jones, P. D., et al, A New Approach 
to Network Storage Manage- 
ment 
Jones, T. and Thomas, P., Challenges 
in Microprocessor System De- 
sign 
Joshi, D. and Phadnis, M. G., BCD/ 
Binary Conversion with Sing!e 


IC Cell 


5-YEAR INDEX 


Mar 


Sept 


May 


July 
Feb 


Aug 


May 


Oct 


Aug 


Aug 
Sept 

Feb 
Mar 


Nov 


Nov 


76, 
76, 


go tha © J 


77, p 


78, p 


74, p 


77 
99 


113 


127 


97 


150 


143 


101 


89 


103 


81 


109 


94 


Juliussen, J. E., Magnetic Bubble Sys- 
tems Approach Practical Use -... 
Jurison, J., et al, Design Considera- 
tions for Aerospace Digital Com- 
puters 


Kaestner, O., Implementing Branch 
Instructions with Polynomial 
Counters 

Kalstrom, D. J., Simple Encoding 
Schemes Double Capacity of a 
Flexible Disc 

Kan, D. T., Programmable Interface 
Drivers Simplify Logic Testing .. 

Kancler, C. H., Architecture of Aero- 
space Computer Simplifies Pro- 
gramming 

Karr, M., Electrical Scanning Reduces 
Back-Panel Testing Time 

Karstad, K., CMOS Enhances Video 
Display Terminal Design 

Software Control of Micropro- 
cessor Based Realtime Clock .... 

Kehl, T. H. and Dunkel, L., Simplified 
Floppy-Dise Controller For Mi- 
crocomputers 

Kelly, W. J., Data Rate Servo for 
Phase-Encoded Recording Sys- 
tems 

Kenny, R., Microprogramming Sim- 
plifies Control System Design .. 

King, G. E. and Nelson, A. V., Digital 
Controller for Microfiche Display 
Selection 

Klapfish, M., Interfacing the Tele- 
typewriter—Part |: A-D and 
D-A Converters 
Part 2: Programming Remote Re- 
lays, Solenoids, and Other Power 
Devices 

Klingman, E. E., Comparisons and 
Trends In Microprocessor Arch- 
itecture 

Knoerzer, R. E., An Automated Test- 
ing Procedure for Step Motor 
Simulation and Validation 

Knudson, J., Flexible-Cable/Connec- 
tor Simplifies PCB Wiring 

Koehler, F. H., Advances in Memory 
Technology 

Korn, G. A., A Distributed Computer 
System for Laboratory Automa- 
tion 

Kreager, P. S. and Cannon, L. E., 
Using a Microprocessor: A Real- 
Life Application—Part 2: Soft- 
ware 

Kreager, P. S. and Logan, J. D., Using 
a Microprocessor: A Real-Life 
Application—Part 1:  Hard- 
WARGO: coc klcccededesussuorscnueeoecmvacnsemeniiance 

Krechmer, K., Integrating Medium 
Speed Modems Into Communi- 
cations Networks 

Krishnaiyer, R. and Donovan, J. C., 
Cyclic Sequence Generator In- 
creases Security of Alarm Sys- 
tems 


Oct 76, 


Aug 74, 


75, 


Mar 
Sept 
Oct 


June 


June 


June 


715; 


p 9 


p 96 


p 110 


p 100 


p 84 
p 90 


p 7| 


p 101 


p 73 


A19 


Ladstatter, C. F., Other Performance 
Factors in PC Board Connectors 
Lam, P.-L. and Chang, S., A Multi- 
vibrator Using RC-Coupled Cas- 
cade Stages as a Ring Counter 
Lamb, S., An Add-In Recognition 
Memory for S-I100 Bus Mini- 


computers—Part |: An_ Intro- 
QUGHON seco fee eeatereecet ene 
Part 2: Structure and Specifica- 
HOS secesoeres oie ees each ae 


Part 3: Applications 
Lanning, W. C., General Algorithms 
for Direct Radix Conversion .... 
Larsen, D. G., et al, Computer Inter- 
facing: Anatomy of a Microcom- 
puter 
Generating Input/Output Device 
Select Pulses for Microcomputer 
Interfacing 
Interfacing Fundamentals: Assem- 
bly Language or BASIC, 
Which Way to Go? ..........-.-- 
The 8085 Processor ........-.-----------+ 
Microcomputer Interfacing: A 
Demonstration Program for 
the 8253 Timer 
The 8080 Logical Instructions .... 
How Does a Microcomputer 
Make a Decision? __............--- 
Interfacing Analog-to-Digital 
Converters 
Microcomputer Interrupts 
The MOV and MVI 8080 In- 
structions 
Sample-and-Hold Devices 
See Also Rony, P. R., Titus, C., and 
Tires, Ji 
LeBlanc, P. and Victor, W., Structural 
Foam for Computer Equipment 
Enclosures 
Lemas, M. R. and Holt, R. M., Cur- 
rent Microcomputer Architec- 
ture 
Lesea, A. and Urkumyan, N., Multi- 
plexer System Reduces Cost of 
Terminal Interfacing 
Liebowitz, B. H., Multiple Processor 
Minicomputer Systems—Part |: 
Design Concepts 
Part 2: Implementation 
Little, J. and Thomas, A. T., Oper- 
ator's Console Considerations in 
Microprocessor System Design .. 
Lloyd, R. H. F., The Case For Using 
Partially-Good Memory Devices 
Lo, H.-Y., Digital Display of Stepper 
Motor Rotation 
Lobban, P. E., et al, Microprocessor/ 
Microcomputer Applications 
Contest, Fourth Prize—A Micro- 
processor Controller for an Epi- 
taxial Reader 
Logan, J. D. and Kreager, P. S., Using 
a Microprocessor: A Real-Life 
Application—Part 1:  Hard- 
WENO seicoucntet eet eather 
Logan, R. L., Congruent Partitioning 
and Network Synthesis 


A20 


Nov 


May 


Nov 
July 


Mar 
May 
Aug 


Aug 
Nov 


Feb 
Dec 


Oct 


Feb 


Aug 


Oct 
Nov 


74, 


74, 


76, 


76, 


78, 
78, 


78, 
Ti 


76, 


Th 
76, 


vEE 
VT 


78, 


74, 


77, 


78, 
78, 


75, 
Ut 
78, 


77, 


74, 


p 


P 


p 


p 


p 


TU nome} me] TU 


106 


120 


140 


162 
182 


él 


128 


196 


158 
114 


134 
136 


118 


124 
142 


120 
106 


120 


65 


109 


87 
12| 


87 
93 


147 


108 


69 
53 


Lubinski, K., et al, Microprocessor- 
Based Interface Converts Video 
Signals for Object Tracking -... 

Lyons, R. G., Providing Software Flex- 
ibility for Optical Processor 
Noise Analysis 


Malloch, W. G. and Ellsworth, C. A., 
A BCD Conversion Technique for 
Teletypewriter Applications 

Malone, M. and Vahlstrom, R., Evo- 
lution of Microprogrammed In- 
put/Output Processing in One 
Processor Family 

Maloney, M. J. and Murahashi, S., 
Design Considerations 
Ruggedized Memories 

Mancini, R. A., A Low Cost, Crystal- 
Controlled Osci'lator Design .... 

Mandelbaum, D., Index-Register Log- 
ic Saves One Instruction per 
Loop 

Manildi, B. A., Designer's Guide for 
Selecting Magnetic Mini- 
Media 

Marathe, A. D. and Chandra, A. K., 
Hardware/Software for Process 
Control |/O 

Martinez, R., A Look at Trends in 
Microprocessor/Microcomputer 
Software Systems 

Mauch, K. and van der Gracht, P., 
Microprocessor/Microcomputer 
Applications Contest, Second 
Prize—A  Microprocessor-Con- 
tro!led Three-Phase Power I|n- 
verter 

Mauro, R., Programmable Amplifier 
for Binary/BCD-Mode Opera- 
tion 

McDonald, G. G. and Nadler, W., A 
Computer Read/Write Clock -. 

McDowell, J., Large Bipolar ROMs 
and p/ROMs Revolutionize Log- 
ic and System Design 

McGovern, T. L., et al, Designing a 
Magnetic Bubble Data Recorder 
—Part |: The Component 
Level 
Part 2: The System Level 

McKee, H. C., Improved CRC Tech- 
nique Detects Erroneous Leading 
and Trailing O's in Transmitted 
Data Blocks 

McPhillips, A. S., Magnetic Tape For- 
matter Design Reduces Hard- 
ware/Software Requirements _... 

McShane, T. J., Automatic Dia'ing for 
Computer Communications 

Meyer, C. H., Enciphering Data for 
Secure Transmission 

Meyers, W., Signal Names Help Sys- 
tem Understanding 

Meyn, John, Digitized Video Pro- 
cessing in Realtime 

Miles, J., Another Use for NAND 
Gates 

Moffa, R., Interfacing Peripherals in 
Mixed Systems 


Dec 


July 


Dec 


Oct 


June 


May 


Feb 


Sept 


June 


Apr 


rae 


78, 


74, 


75, 


76, 
76, 


74, 


75; 


p 81 


p 69 


p 98 


p 114 


p 94 


p 98 


p 122 
p 5l 
p 120 
p 102 
p 102 
p 100 
p 77 
p 99 
p 102 
p 99 
p 146 
p 129 
p 81 
p 104 
p 84 
p 77 


COMPUTER DESIGN/DECEMBER 1978 


~~ 


Moilanen, U., Information Preserving 
Codes Compress Binary Pictorial 
[DE (Recs eee Ase eNO 


Montgomery, R. C., Simple Hardware 
Approach to Error Detection and 
Correction 


Moore, R. C., et al, Designing a Mag- 
netic Bubble Data Recorder— 
Part |: The Component Level .. 
Part 2: The System Level .......... 


Moran, K. M., Microprocessor/Mi- 
crocomputer Applications Con- 
test, Fifth Prize—Electronic Diet 
Controller asics: sustecsazeesucessesens se 


Morrison, R. L. and Wiatrowski, C. A., 
Adapter Simplifies Development 
of Microprocessor Systems ........ 


Morse, M. J. and Gilbert, B. R., Digi- 
tal Simulator Replaces Analog 
Portion of Hybrid Computer -... 

Mougel, M., Design/Application Con- 
siderations of Sealed vs Non- 
sealed Fixed-Head Disc Units .. 


Moyer, W. W., Interfacing Calculator 
Chips As Microcomputer Pre- 
PFOCESSOPS «2... -n-nesesnecenececeeeeeeeeceees 

Mudge, J. C., Design Decisions 
Achieve Price/Performance Bal- 
ance in Mid-Range Minicom- 
puters 

Mueller, D. J., Microcomputers De- 
centralize Processing in Data 
Communications Network _......... 

Mulkowsky, G. P. and Freeman, M. J., 
Verbal Communication System 
Enhances Computer/Student In- 
PENSCTION nccccceccccenecen onieimniininsenseastn 

Munn, J. F., Low Cost Data Acqui- 
sition System Using Standard 
IDPS \esecrccsccnngcnncantcorassrro amore 

Murahashi, S. and Maloney, M. J., De- 
sign Considerations for Rugged- 
ized Memories .......-..----------------+ 


Nadler, W., Data Transfer With 
ASCII Eliminates Computer In- 
terface Problems 


Nadler, W. and McDonald, G. G., A 
Computer Read/Write Clock .. 


Nauful, E. S., Software Support for 
Microprocessors Poses New De- 
SIAM CHOICES) ..cxcnnenrecnsetennenenrseree 

Neese, J. W., Microprocessor System 
Validation and Failure Isolation 
With Portable Tester 

Nelson, A. V. and King, G. E., Digi- 
tal Controller for Microfiche Dis- 
play Selection 

Nguyen-Huu, A., Advances in CMOS 
Device Technology 

Nichols, J. L., Economic Alternatives 
In Microcomputer Design 

Hardware Versus Software for Mi- 
coprocessor N/O) sicccssccsarssnseesres 

Nissim, J., DMA Controller Capital- 
izes on Clock Cycles to Bypass 
RU cence A ecacicacaeaseintyceamertaensaes 


5-YEAR INDEX 


Nov 


Nov 


Mar 
Apr 


Aug 


May 


Apr 


Sept 


May 


Aug 


Oct 


78, 


78, 


76, 
76, 


77, 


76, 


76, 


78, 


VW, 


77, 


76, 


78, 


Pp 


p 


p 


p 


p 


134 


109 


77 
99 


116 


175 


91 


122 


187 


87 


8] 


8| 


200 


114 


74 


102 


93 


105 


110 
87 


110 
102 


117 


O'Neil, E. F. and Burgett, K., An In- 
tegral Real-Time Executive for 
Microcomputers 


Page, P. D. and Gladstone, B., Pro- 


gramming Hints Ease Use of Fa- 
miliar Microprocessor 


Pandeya, A. K. and Cassa, T. J., 
Parallel CRC Lets Many Lines 
Use One Circuit 


Parasuraman, B., Hardware Multipli- 
cation Techniques for Micropro- 
cessor Systems 


Pardoe, C. T. and Appel, R. L., An 
A Ai Time-Division Mul- 
tiplexing System .......--..------+------+- 


Parker, L. A. and Eidson, M. E., Syn- 
chronous Adapter Reduces Com- 
oe of Floppy Disc Control- 
See Seen eee 


Parrish, E. A., Jr and’ Goksel, K., The 
Role of Microcomputers in Ro- 
botics 


Pastoriza, J. J., Tradeoffs Among Bi- 
nary Codes in Magnetic Tape 
Cassettes 


Patel, A. M., New Method for Mag- 
netic Encoding Combines Ad- 
vantages of Older Techniques .. 


Pathak, J., Time-Slicing Offers an Al- 
ternative to Multiprocessor Sys- 
tems 


Phadnis, M. G. and Joshi, D., BCD/ 
Binary Conversion with Single 
IC Cell 
Phister, M., Jr, Analyzing Computer 
Technology Costs—Part |: De- 
veloping and Manufacturing -... 
Part 2: Maintenance ............-------- 
Piankian, R. A., Master Calendar- 
Clock Serves Multiple Minicom- 
puters 
Pokoski, J. L., Software Analyses for 
Combinatorial Logic 
Pokoski, J. L. and Holt, O., Develop- 
ing Software for Microcomputer 
Applications 
Poley, N. M., Electro-Optical Scan 
Converter Shares Benefits of 
Conventional Units ...........----------- 
Prazak, P., Programmable Handheld 
Calculator Computes Digital-to- 
Analog Converter Errors ........-.-- 
Prioste, J., et al, A CAD Program for 
High Speed Logic Element Inter- 
GOMNOCTIONS xe nccesevonenasanccsesssartoons 
Prosser, F. and Winkel, D., Mixed 
Logic Leads to Maximum Clarity 
with Minimum Hardware ....---.---- 
Protopapas, J., Add-On Memory 
Sharing Scheme for Minicom- 
puters 


Quinones, M., An Associative-Capac- 
itive ROM for Reprogrammable 
Logic Applications 


July 


Aug 


Sept 


Apr 


July 


Apr 


Oct 


Dec 


June 


May 


Apr 


715i 


76, 


76, 


75; 


15; 


75, 


Thy 


75, 


74, 


p 


p 


77 


ay 


87 


75 


110 


102 


56 


102 


85 


95 * 


94 


9I 
109 


156 


113 


88 


75 


122 


135 


II 


100 


Rallapalli, K., Multiple- Word Buffer- 
ing for Disc Controllers With 
Bipolar FIFO Memory 


Raphael, H. A., Low Cost A-to-D 
Conversion During Microcom- 
puter Idle Time 

Putting a Microcomputer On a 
SingloM@Bi pr tee 

Ratnakumar, N., et al, Microproces- 
sor/Microcomputer Applications 
Contest, Fourth Prize—A Micro- 
processor Controller for an Epi- 
taxial Reactor 

Redding, F. |. and Snyder, F. G., Hy- 
brid/LSI Package Yields a Single- 
Component Microcomputer 

Reiser, R., Pattern Analyzer Synchro- 
nizes Scope in Presence of Jit- 
tery Signal 

Requa, J. E., Virtual Memory Design 
Reduces Program Complexity -. 

Reyling, G., Jr, Performance and 
Control of Multiple Micropro- 
cessor Systems 

Rickard, B., Automatic Error Correc- 
tion in Memory Systems ..........-- 

Riggs, W., Small Stepping Motors 
Meet Varied Application Re- 
quirements 

Roberts, J. and Chan, C., A Univer- 
sal Bipolar/MOS Clock Driver .. 

Robin, N. A., The Logic Analyzer: A 
Computer Troubleshooting 
i jicyo et Ne Le 

Rodgers, D. P. and Conklin, P. F., Ad- 
vanced Minicomputer Designed 
By Team Evaluation of Hard- 
ware/Software Tradeoffs 

Rolander, T. and Adams, G., Design 
Motivations for Multiple Pro- 
cessor Microcomputer Systems .. 

Rony, P. R., et al, Interfacing Funda- 
mentals: An Application of the 
8085 Processor—Part | ............ 

Microcomputer Interfacing: The 
8080 Microcomputer Output 


Instruction ss-s.ts2 ee ees 
Integer Multiplication and Di- 
VSI OR gaat ssitenr eee eee eee tae 
Internal Registers Within the 
BOBO Chie ceceeseeedteacececs 


A Software UART .....--..-..----- 
Subroutines and Stacks .............. 
The Substitution of Software for 
HardWate® sc. ceee oe 
What Is a Logical Instruction? .. 
Mig pecan: Where Do They 
AL caiman nt SO eas 
See also Larsen, D. G., Titus, C., 
and Titus, J. A. 

Rosenbaum, A. R., Generating a 10- 
Hz Clock From a 50-/60-Hz 
Lite: 2k pe en ee 

Rosenstock, G. and Heinzl, J., Ink-Jet 
Printer Mechanism Uses Non- 
Static Vacuum Technique .......... 

Ross, R. I., An Interactive Software 
Program for a_ Standalone 
Graphic System 


A22, 


78, 


78, 


77, 


Th 


me) nome] TOO me) me} 


p 


p 


73 


112 
59 


108 


114 


106 


97 


8| 


179 


120 


152 


89 


129 


8] 


140 


128 
214 
122 
118 
132 


120 
116 


108 


114 


Rubin, A. I., Multivariable Function 
Generation for Hybrid Com- 
puters 

Rubin, X. K., et al, Decision-Making 
with Flags in Process Control .... 

Ruggeri, L., Design of a Program- 
mable One-Shot Multivibrator .. 

Russell, B. J., et al, Design Consid- 
erations for Aerospace Digital 
Computers 


Sanders, R. W. and de Smet, J., 
"Pacuit'’ Switching Combines 
Two Techniques in One Net- 
work 

Sanyal, S., An Algorithm for Nonre- 
stricting Division 

Sanyal, S. and Venkataraman, K. N., 
Single Error Correcting Code 
Maximizes Memory System Effi- 
ciency 

Sawin, D. H., Ill and Hughes, T. P., 
Breakpoint Design for Debugging 
Microprocessor Software ........---- 

Schmid, H., Monolithic Processors .. 

Schultz, G. W., Designing Optimized 
Microprogrammed Control Sec- 
tions for Microprocessors .........- 

Schusheim, B., A Flexible Approach 
to Microprocessor Testing 

Schwartz, M. and Winter, K., Using 
a Microprocessor at Speeds Be- 
yond Its Apparent Intrinsic 
EC rn ees’ Ree ee 

Sear, B. E. and Jackson, K., Measure- 
ment Techniques for Testing 
High Speed Memories 

Seim, T. A., Microprocessors Aid Ex- 
perimentation in Scientific Labo- 
TAT ONY): ccecevacctuctepeocevechbeuapteuceesaee save 

Numerical Interpolation for Micro- 
processor-Based Systems. .......-.- 

Sell, J. V., Microprogramming in an 
Integrated Hardware/Software 
System 

Sexton, W. and Whittaker, G., Print- 
ers and Readers Handshake for 
Effective Bar Code Systems 

Shaeffer, L., VMOS Peripheral Drivers 
Solve High Power Load Interface 
Problems 

Shanks, R. R., Amorphous Semicon- 
ductors for Electrically Alterable 
Memory Applications 

Shapiro, S. F., Computer Process 
Control Around the World 

Digital Technology Enables Robots 
to ''See"' 
Instrument Industry Recognizes Dig- 
ital Electronics—Almost 
Professional Group Conference 
Stresses Microprocessor Appli- 
cations for Process Control 
Social/Economic/Governmental 
Considerations of Automation -. 


Sharan, R., Matrix Computations 
Forecast Computer Mainframe 
Rel Oiltty csc. eee 


June 


May 


May 


June 


78, 


76, 


p 


p 
P 


p 


83 


124 


174 


99 
87 


119 


67 


106 


127 


83 
ITI 


77 


69 


84 
50 


95 


COMPUTER DESIGN/DECEMBER 1978 


Sheth, R. D., POS Cable: A Design 
Study 
Shi, S.-Y., Shortcut to Logarithms 
Combines Table Lookup and 
Computation: ccc. coe 
Sidhu, P. S., Group-Coded Recording 
Reliably Doubles Diskette Ca- 
pacity 
Sigsby, B., Automatic vs Manual Test 
261) 2071) eee ee 
Simopoulos, N. T., Carrying Out Di- 
vision By Addition Reduces 
Hardware Complexity 
Smith, A. A., Jr, Design Technique 
for a Near-Field Communica- 
tion System 
Smith, D. and Cave, T., Data Reduc- 
tion and Display in Automated 
NOSE SYSHOMIS: cccta ceed nencenseccnarsmncereri 
Smith, S., External Arithmetic Pro- 
cessors 
Single-Chip Speech Synthesizers .. 
Smith, S. and Garen, E. R., CMOS 
on Sapphire 
The Impact of VLSI Upon Com- 
puter Architecture 
Technology Status Report on Re- 
cent NMOS Processes 
Smulders, A. J. and de Jonge, J. H., 
Moving Inversions Test Pattern 

Is Thorough, Yet Speedy 
Snyder, F. G. and Redding, F. I., Hy- 
brid/LS| Package Yields a Single- 
Component Microcomputer 
Sohrabji, N., Macro Processor Sim- 
plifies Microcomputer Program- 

min 
Stakem, P. H., Using a Calculator 
Chip to Extend a Microproces- 
sor's Capabilities 
Stallard, S. and Gordon, P., Micro- 
programmed CPU Architecture 
Offers User-Alterable Minicom- 
puter Performance 
Standridge, R. and Chiang, A. C. L., 
Pattern Sensitivity on 4k RAM 
Devices 
Steincross, R. M., Hard Sectoring 
Without Holes Increases Capac- 

ity of Floppy Discs 

Su, S. Y. H., Logic Design and Its 
Recent Development Part 5: 
Fault Diagnosis in Digital Math- 
ematics 


Design 
Sullwold, S., Choosing the Correct 
Flat Cable for High Speed Logic 
Circuits 
Swanson, R., Understanding Cyclic 
Redundancy Codes 


Talambiras, R. P., Digital-to-Analog 
Converters: Some Problems in 
be aiaate High-Fidelity  Sig- 
nals 

Tall, D. S., Applying Magnetic Cir- 
cuit Breakers in Digital Cir- 
CUTS ee 


5-vVFAR INDEX 


Nov 


May 


June 


May 


Nov 


Sept 


Aug 


May 


Apr 


Aug 


Sept 


June 


Feb 


Feb 


75, 


76, 


76, 


76, 


76, 


76, 


78, 


p 


p 


p 


p 


p 


p 


p 


106 


184 


84 


92 


80 


85 


161 


144 
188 


194 
200 
160 


169 


114 


108 


98 


91 


88 


100 


87 


77 


97 
93 


63 


132 


Tanner, D. J., Clearing Up the Con- 
fusion: Virtual vs Mapped Mem- 
ory 

Teeple, C. R., Digital Input Units Iso- 
late Microcomputers From In- 
dustrial Level Voltages 

Teets, R. M., Protecting Minicomput- 
ers From Power Line Perturba- 
tions 

Teitzel, R. and Francis, R., Rea'time 
Prototype Analysis As a Micro- 
processor Design Aid 

Thomas, A. T., Design Techniques for 
Microprocessor Memory  Sys- 
tems 

Thomas, A. T. and Little, J., Oper- 
ator's Console Considerations in 
Microprocessor System Design .. 

Thomas, J. J., Common Digital Mis- 
conceptions in Digital Test Gen- 
eration 

Thomas, P. and Jones, T., Challenges 
in Microprocessor System De- 
sign 

Thordarson, P., Design Guidelines for 
a Computer Voice Response Sys- 
tem 

Thornton, J. E., et al, A New Ap- 
proach to Network Storage Man- 
agement 

Thuras, R. D., New Magnetic Mate- 
rials Help Core Memories Stay 
Alive 

Titus, C., et al, Interfacing Funda- 

mentals: The 8085 Family of 
Memory Devices 

An_ Introduction 
Clocks 
Microcomputer Interfacing: Integer 
Addition and Subtraction ...... 
Using Digital-to-Analog Con- 
verters 
See also Larsen, D. G., Rony, P. R. 

Titus, J. A., beginning June 1977 
Titus, J. A., et al, Interfacing Funda- 
mentals: An Application of 
the 8085 Processor—Part 2 .... 
Microcomputer Interfacing: Accu- 
mulator |/O vs Memory I/O .. 
Analog Multiplexers 
Characteristics of the 8253 Pro- 
grammable Interval Timer -... 
Command Decoders 
Data Acquisition 
Interfacing a Digital Multimeter 
Interfacing a 10-Bit DAC 
Preparing Your Programs 
Register Pair Instructions 

The Vectored Interrupt 
What Is a Microcomputer Input/ 
Output Device? -.......:..-.------------ 
See also Larsen, D. G., Rony, P.R., 

and Titus, C. 

Townzen, D. A., A Task-Scheduling 
Executive Program for Micro- 
computer Systems 

Trudo, F. J., A General-Purpose In- 
terface for Industrial Process 
Control 


to Realtime 


Oct 


Nov 


June 


Aug 


Noy 


76, 


78, 


78, 


75, 


75, 


Ti 


76, 


77, 


75, 


74, 


cT GC OD TD 


9 DTDOUVDVOO0OO TU me) 


99 


65 


73 


87 


89 


109 


73 


8| 


100 


122 
110 
168 
116 


164 


114 
132 


136 
135 
124 
114 


112 


Urkumyan, N. and Lesea, A., Multi- 
plexer System Reduces Cost of 
Terminal Interfacing ..........-------- 


Vahlstrom, R. and Malone, M., Evo- 
lution of Microprogrammed In- 
put/Output Processing in One 
Processor » Fanily, 12; 2-secctsectescancts. 

van der Gracht, P. and Mauch, K., 
Microprocessor/Microcomputer 
Applications Contest, Second 
Prize—A. Microprocessor Con- 
trolled Three-Phase Power In- 
5721 | on oe URL SR 


Vancov, |. D., Pattern Sensitivity 
Techniques for Testing CCD 
Meniofies a. oa eee 


Vandling, G. C., Organization of a 
Microprogrammed Aerospace 
COM PUTOD pezee tetas 


Vasa, S., Calculating an Error Check- 
ing Character in Software -......- 
Vasa, S. and Cosley, J., Block Trans- 
fer With DMA Augments Micro- 
processor Efficiency ............----.--- 


Venkataraman, K. N. and Sanyal, S., 
Single Error Correcting Code 
Maximizes Memory System Effi- 
GIOTICY" See eet Jk 

Victor, W. and LeBlanc, P., Struc- 
tural Foam for Computer Equip- 
ment Enclosures 

Vittera, J. F., Handling Multilevel 
Subroutines and Interrupts in Mi- 
crocomputers 


Wagner, J, W., Tools for Logic Anal- 
NES: sce heath ean ant 
Wakerly, J. F., Documentation Stan- 
dards Clarify Design .................- 
Wanner, J. F., Wideband Communi- 
cation System Improves Re- 
sponse Times 
Wartner, D. |. and Franchini, R. C., A 
Method of High Density Record- 

ing on Flexible Magnetic Discs .. 
Waser, S., Programmable Sequence 
Generator Comprises Three In- 
tegrated Circuits 2... 
p/ROM Card Simplifies Computer 
DIAGNOSIS aeacccas anc easeatonsatey 
State-of-the-Art in High Speed 
Arithmetic Integrated Circuits .. 
Washburn, J., Battery Backup for 
Minicomputer Semiconductor 
Memories a te 
Low Power Computers: A Make or 
BuyaD Seisiong ssn cocnccoesecnesscs 
Webb, S. and Blumenthal, S., Altair 
Timesharing BASIC ...............---- 
Weissberger, A. J., Analysis of Multi- 
ple-Microprocessor System Ar- 
Che Chane Sy ee en eee 
Distributed Function Microproces- 
sor Architectirres age oo. ceccco. 2: 
Peripheral Interfacing With Micro- 
processors 


A24 


Aug 


May 


Nov 


May 


Oct 


Feb 


Feb 


Oct 


a 


76, 


aT, 


TT, 


15; 


76, 


77, 


78, 


p 


p 


p 


109 


98 


120 


106 


65 


190 


81 


175 


120 


109 


108 


75 


85 


106 


124 
98 
67 


108 
120 


128 


151 
dd 
108 


White, G, M., Software-Based Sing!e- 
Bit |/O Error Detection and Cor- 
rection, Scheme, -c:ccsscscscccaccle 

Whiting; J. S., An Efficient Software 
Method for Implementing Poly- 
nomial Error Detection Codes .. 


Whittaker, G. and Sexton, W., Print- 
ers and Readers Handshake for 
Effective Bar Code Systems .... 


Wiatrowski, C. A., Microprocessor/ 
Microcomputer. Applications 
Contest, First Prize—Micropro- 
cessor-Restroom Robot .........-.--- 

Wiatrowski, C. A. and Morrison, R. L., 
Adapter Simplifies Development 
of Microprocessor Systems .......- 

Wieselman, I. L., Choosing Proper 
Computer Output Systems ........ 

Willard, D. G., A Time Division Mul- 
tiple Access System for Digital 
Communications 2.220... 

Winkel, D. and Prosser, F., Mixed 
Logic Leads to Maximum Clarity 
with Minimum Hardware ........---- 

Winklebleck, P. K., Computer Con- 
nector Saves Space and Cuts 
Cot ie ae eee sce epee 

Winter, K. and Schwart, M., Using a 
Microprocessor at Speeds Be- 
yond Its Intrinsic Limit .............- 


Wittmayer, W. R., Array Processor 
Provides High Throughput 
CCE re BD Re ee mS 

Wolin, L., Procedure Evaluates Com- 
puters For Scientific Applica- 
TOMS ats he aes tyne 

Worden, J., Design Considerations 
for Dual-Density Diskette Con- 
Tro letsy. eo eae 

Wright, T. W., Servo Control Tech- 
nique Enhances Performance of 
Disc Storage Units _...........-.....- 

Wrobel, A. and Gray, M., The Se- 
rialized Approach to Reading 

__ Phase-Encoded Data ..............-.---- 

Wrobel, Y., Microprocessor/Micro- 
computer Applications Contest, 
Third Prize—A Microcomputer- 
Controlled Seeder _.........---. 

Wulfinghoff, D. R.; Market Factors 
Portend Design Changes in Small 
CSinpiters: Nest a 

Wyland, D. C., Using p/ROMs as 


Logic Elements 


Zuch, E. L., Interpretation of Data 
Converter Accuracy Specifica- 
tions 


Zussman, R., Computer Queuing 
Analysis On a Handheld Cal- 
UHOR 1. ke Ain oe 

Computer Simulation on a Pocket 
KS CULT OR eee ee ie a a, 
Computer Simulation Program for 
a Second Generation Handheld 
Or Ele) ee ee 
Predicting Queue Performance on 
a Programmable Handheld Cal- 
culator 


Sept 78, 


Mar 75, 


May 76, 


Dec 74, 


June 76, 


Mar 78, 


Nov 76, 


Mar 77, 


Feb 75, 


p 


p 


p 


130 
73 


69 


99 


175 


63 
79 
1 
106 
106 
93 
93 
103 
99 


77 


184 
8| 
98 


113 


85 
105 


116 


93 


COMPUTER DESIGN/DECEMBER 1978 


The COMPL@T° PTC-5 
“Processor Based 
Plotter Controller 


The sensible alternative 
to Versatec Series 1100 
and Series 800 plotters 


COMPLOT® 
Series 8400 is a better choice SERIES 8400 
for OEM users of the Versatec ELECTROSTATIC 


The Houston Instrument 


Series 1100 and 800 plotters. 
The 8400 Series gives you 
unparalled performance and 
speed in presenting either free 
form graphics or alphanumeric 
data at a price well below 

that of competitive plotters 
plotter/printers. 


PLOTTER/PRINTERS - 
PLOTTERS 


Plug compatible with existing 1100 and 800 plotters. 


e 
@ Software compatible with existing 1100 and 800 plotters. 

@ Performance compatible with existing 1100 and 800 plotters. 
® 


All of this with quantity one prices starting at $5150." 


houston DIVISION F 
instrument ION OF BAUSCHSLOMB® 


ONE HOUSTON SQUARE AUSTIN, TEXAS 78753 
(512) 837—2820 TWX 910—874—2022 


Rochesteriaan 6 8240 Giste! Belgium 
EUROPEAN HEADQUARTERS phone 059/277445 Telex Bausch 81399 


CIRCLE 115 ON INQUIRY CARD 


For rush literature requests or local sales office information only, persons outside Texas call toll free 1-800-531-5205 


houston 
instrument 


houston 
instrument 


Error detection and correction 
e 16 special centered symbols 
(in addition to the standard 
character set) 

Circle generation capability 
Enhanced vector length 
Interruptable without loss of origin 
Use with minicomputers, or time 
share terminals 

e Basic price $1945 


DIVISION OF BAUSCHS LOMB ®) 


“the recorder company” 


COMPLGT° DP-8 


One or 3 pens 
Speeds up to 4.5 IPS 


6 switch selectable step 
sizes 


Optional paper widths 


Positive paper feed or 
optional roll take-up 


Prices from $7600* 


*U.S. Domestic Price only 
® A registered trademark of 


Houston Instrument 


DIVISION OF BAUSCHSLOMS@® 


“the recorder company” 
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Ooops-free PROM programming 
with the 
CMOS buffered programmer. 


MASTER 


Avoid lost or altered 
data, misprogrammed 
PROMs, ruined master 
PROMs with the MS00B, 
the only programmer 
with built-in CMOS 
buffer. 

Our new M900B has a buffer 
of 2048 8-bit words with 
capacity to 4096 words. It’s 
CMOS with power-backup so 
you can shut off or lose AC 
power for up to 60 seconds 
and not lose data. That’s 


VO 
BUTTER 
EER 
XO 
Cort 


Use it with or without 
the buffer. Two-socket 
personality modules 
guard your master 
PROMs. 

With the buffer switched out, 
the M900B gives you direct 
PROM to PROM copying. We 
use two sockets, one for the 
master PROM, one for the 
copy PROM. Operator error 
can't alter a PROM in our 
master socket because that 
socket contains no program- 
ming voltages. 


The M9O0OB, like all our con- 
trol units and PROM per- 
sonality modules, comes 
U.L. listed, designed and 
built to U.L. electrical safety 
standards. 


lenty of time to replace one 
ses oy module with Helps prevent 
another. Thus you can transfer misprogrammina. 
data from one PROM type to The O006 lets ernie 
an entirely different PROM correct and verify your data 


The M900B with standard 
2K buffer costs only $2,100. 
With full 4K buffer, it costs 
only $2,400. 


RT aancerartarafer ork in the buffer before you com- Write for our PROM 
several small PROMs to a mit it to a PROM. User’s Information 
single large one. A Data-Shift CMOS technology with Package. 


Pro-Log Corporation, 
2411 Garden Road, 
Monterey, CA 93940, 
phone (408) 372-4593. 


feature lets you ras data power-backup guards 

locations when transferring ea transients that can 
data between PROM and alter data stored in a cheap- 
memory. er but volatile bipolar RAM. 


(DI |PRO-LOG 


CORPORATION 


Microprocessors at your fingertips. 
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